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1.0 Description of Structure 1 
This document presents our geotechnical engineering analysis for wall 7.50R in support of the Washington State Department of 2 
Transportation (WSDOT) Interstate 405 (I-405) Renton to Bellevue Design-Build project. The scope of this report is limited to 3 
wall 7.50R, which will be a wing wall on the eastern side of Fish Passage Unknown Tributary (UNT) 08.LW.0283 under I-405. 4 
The wall is located on the east side of northbound I-405, at approximately between Station (Sta.) 7697 and Sta. 7699, and will 5 
be designed and constructed either as a structural earth wall (SEW) with precast panels or a geosynthetic wall. If it is a 6 
geosynthetic wall, the structural facing elements will be constructed in two stages, installed after the wall settlement is 7 
complete. 8 

This report has been prepared in accordance with the requirements presented in the I-405 Renton to Bellevue Widening Project 9 
Request for Proposal (RFP), specifically Section 2.6.5.3, and the applicable sections of the WSDOT Geotechnical Design 10 
Manual M 46-03.11 (WSDOT 2015). The Project Geotechnical Design Manual (GDM) consists of WSDOT’s 2015 11 
Geotechnical Design Manual, along with project-specific Chapters 6 (Seismic) and 15 (Retaining Walls) from RFP 12 
Addendum 9.  13 

1.1 Structure Location 14 
Wall 7.50R is approximately 122 feet long. The approximate location of the wall and subsurface explorations are shown on the 15 
Retaining Wall Plan and Profile (Sheet 2B in Appendix A). Wall 7.50R is considered to be a geosynthetic wall or an SEW, 16 
with exposed wall heights ranging from 0 to approximately 22 feet, and is subdivided in sections as listed below (referring to 17 
the stations shown in the Structural Plans in Appendix A and as illustrated on the first page of Appendix E-2): 18 

• Section 1 (Sta. 0+25 to Sta. 0+45) and Section 6 (Sta. 1+30 to Sta. 1+47): Design assumed a wall with an 19 
exposed height of 10 feet. 20 

• Section 2 (Sta. 0+45 to Sta. 0+68) and Section 5 (Sta. 1+07 to Sta. 1+30): Design assumed a wall with an 21 
exposed height of 19.5feet . 22 

• Section 3 (Sta. 0+68 to Sta. 0+72.2) and Section 4 (Sta. 1+03 to Sta. 1+07): Design assumed a wall with an 23 
exposed height of 21.4 feet. 24 

• Section 7 (Sta. 0+72.2 to Sta.1+03): Design assumed a wall with an exposed height of 20 feet standing on top of 25 
the fish passage culvert. 26 

Table 1 presents a summary of the design section considered for this wall.  27 

Table 1: Summary of Wall 7.50R Design Section 28 

Borehole Cut/ 
Fill 

Maximum 
Exposed 

Height (feet) 

Maximum Design 
(Full) Height1, 2 

(feet) 
Front Slope 

(H:V) 
Back 
Slope  Wall Type 

R2B-S15p-17 and  
W-198cp-20/ 

W-198cp-20-A 
Fill 

10 (Section 1) 12 (5:1) Horizontal 
Geosynthetic 
Wall or SEW 19.5 (Section 2) 21.5 (10:1) Horizontal  

21.4 (Section 3) 25.4 Horizontal Horizontal  
Notes: 29 
1. For a geosynthetic wall, the design wall height is defined as the distance between the bottom-most geosynthetic 30 

reinforcement and the finished grade behind the top of the wall. 31 
2. For an SEW, the design wall height is defined as the distance between the top of the wall leveling pad and the finished 32 

grade behind the top of the wall. 33 
Abbreviations: 34 
H = horizontal 35 
SEW = structural earth wall 36 
V = vertical 37 
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The subsurface soil profile of the design sections is based on cross section A–A’ at Sta. 0+75 (Sheet 3 in Appendix A), with 38 
finished grades adjusted at each section. Cross section A–A’ is located within Section 3, where the maximum exposed wall 39 
height is located. The cross section is immediately adjacent to Fish Passage UNT 08.LW.0283 under I-405.  40 

1.2 Site Surface Conditions 41 
The existing ground surface along wall 7.50R varies from elevation 33 feet to elevation 36 feet. Elevations referenced in this 42 
report are based on the North American Vertical Datum of 1988. The existing stratigraphy is as shown on the retaining wall 43 
plan and profile (Sheet 2B) and the cross section (Sheet 3) in Appendix A. The proposed grading shows that the I-405 44 
northbound finished pavement along wall 7.50R gently slopes downward from south to north, from approximately elevation 51 45 
feet to approximately elevation 48 feet. 46 

Fish Passage UNT 08.LW.0283 under I-405 is proposed to go under wall 7.50R. The center of the fish passage culvert is 47 
located at approximately Sta. 0+88, and the invert level is at elevation 21.78 feet. The stream bed centerline elevation at the 48 
wall location is at elevation 24.78 feet. 49 

2.0 Exploration and Laboratory Testing 50 
Geotechnical explorations for wall 07.50R and the Fish Passage UNT 08.LW.0283 – I-405 structure were performed as part of 51 
Subsurface Investigation Plan No. 2: Early Works Structures (Wood 2020a) to supplement the geotechnical explorations 52 
performed in 2017 with boring logs provided by WSDOT. One cone penetrometer test (CPT), W-198cp-20, was performed 53 
within 10 feet of the footprint of the fish passage. The exploration locations are shown in Appendix A. The soil boring logs 54 
(borings R2B-S15p-17 and R2B-S16vw-17) and the CPT probing data used for design of this structure are contained in 55 
Appendix B. Results of soil laboratory testing from these explorations are included in Appendix C. Note that boring 56 
R2B-S15p-17 and CPT probe W-198cp-20, located approximately 23 feet apart, were located within the footprint of the wall. 57 
Accordingly, the number of the explorations is compliant with the Project GDM.  58 

3.0 Subsurface Conditions 59 

3.1 Regional Geology  60 
The project lies within the southern portion of the Puget Sound Lowland physiographic region. The Puget Sound Lowland has 61 
undergone physiographic and depositional changes due to at least five glacial episodes. The last glaciation that occurred in the 62 
region was the Vashon Stade of the Fraser Glaciation, which ended approximately 13,500 years ago.  63 

The advance of the Vashon Glacier deepened and widened the north/south trending valleys situated between the Olympic 64 
Mountains and the Cascade Range in western Washington. In the Seattle area, the Vashon Stade is represented by four 65 
stratigraphic units (from oldest to youngest): Lawton Clay, Esperance Sand, Vashon Till, and Vashon recessional deposits, 66 
which make up the Vashon Drift (Galster and Laprade 1991).  67 

As the Vashon glacial lobe advanced south and blocked the northern portion of the Puget Sound basin, a lake was formed, and 68 
fine-grained sediments were deposited. The glaciolacustrine deposit, known as the Lawton Clay, is reported to be present in the 69 
Seattle area as high as 150 feet above mean sea level. A fine-to-medium-grained sand unit was deposited above the Lawton 70 
Clay by meltwater streams issuing from the advancing ice sheet as it neared the Seattle area. That sand unit is called the 71 
Esperance Sand Member. The Lawton Clay and Esperance Sand are sometimes intermixed and interbedded, and the contact 72 
between the two soil types may be gradational. Both deposits were overridden by an estimated 3,000 feet of ice, which 73 
consolidated them into hard or dense layers. A mantle of the Vashon Till was deposited on top of the Esperance Sand and 74 
Lawton Clay. The Esperance Sand and Lawton Clay deposits were overlain by Vashon Till, also overridden by the ice sheet. 75 
These units are mantled by recessional deposits that were formed during the retreat of the ice sheet. Holocene modification of 76 
the glacial landscape in the last 11,700 years and recent activities helped sculpt the landform that is today. 77 

The geologic unit descriptions and stratigraphy used by Wood Environment & Infrastructure Solutions, Inc. (Wood) are based 78 
on the mapped and structural geology (McKnight 1923, Waldron et al. 1962, Mullineaux 1965, Yount et al. 1993, Johnson et 79 
al. 1994, Liberty and Pratt 2008, Troost 2012, and WSDOT 2018a and 2018b) and as described by others (Golder 1993, 80 
Shannon & Wilson 2000, and GeoEngineers 2008) in the project vicinity. Wood simplified the geologic units for converting 81 
them into Engineering Stratigraphic Units (ESUs), which were used for foundation design of the structure. These modifications 82 
to the geologic units consisted of combining the Quaternary period Pleistocene and Holocene epoch soils.  83 
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The geologic units encountered at the subject site, along with a brief discussion of their descriptions used for the project 84 
geology are provided in Table 2. 85 

Table 2: Fish Passage UNT 08.LW.0283 – I-405 and Wall 07.50R Geologic Unit Descriptions 86 

Geologic Unit 
Name Abbrev. Geologic Unit Description 

Fill Af Fill placed by humans, both engineered and uncontrolled fill consisting of various 
materials, including debris; typically dense or stiff if engineered, but very loose to dense or 

very soft to stiff if uncontrolled fill. 
Alluvium Qal Mainly river or creek deposits, normally associated with historic streams, including 

overbank deposits consisting of sand, silty sand, and silt/clay; gravelly sand. Also 
contains sandy gravel with organics, with consistencies ranging from very loose to very 
dense or very soft to soft, and includes depression or lake deposits that consist of silts, 

clays, and sandy silts that may be interbedded with the alluvial layers.  
Recessional 

Lacustrine Deposits 
Qvr Laminated silt and clay, low to high plasticity with local sand layers, peat, and other 

organic sediments, deposited in slow-flowing water and ephemeral lakes. Locally includes 
high-plasticity clay with swell potential. Lenses and layers of ash and diatomite may be 

present. Very soft to stiff. 
Proglacial 

Lacustrine Deposits 
(Lawton Clay) 

Qgl Fine-grained glacial sediment deposited in pro-glacial lake in Puget Lowland consisting of 
interbedded brown, gray to blue-gray silt, clayey silt; silty clay; fine sand; massive to 

locally laminated or locally disturbed (fractures and slickensides); scattered wood near 
base; very stiff to hard or dense to very dense. 

3.2 Site Soil Conditions 87 
The site soil conditions considered for the design of wall 07.50R are the same as those considered for design of Fish Passage 88 
UNT 08.LW.0283 – I-405 (Wood 2021). 89 

Geotechnical explorations were performed as part of Subsurface Investigation Plan No. 2: Early Works Structures (Wood 90 
2020a) to supplement the geotechnical explorations performed in 2017 with boring logs provided by WSDOT. Two CPTs, 91 
W-103cp-20 and W-198cp-20, were performed within 10 feet of the footprint of the fish passage. In addition, three borings 92 
(R2B-S14-17, W-102-20, and MH-1) in proximity to the Fish Passage UNT 08.LW.0283 – I-405 structure were used to 93 
interpret the subsurface conditions and develop ESU soil properties for design of the structure. Details of the ESU soil 94 
properties are included in Appendix D. The three borings are between 100 and 150 feet away from the structure in three 95 
different directions, thus allowing interpretation of conditions at the structure using triangulation. The subsurface conditions 96 
are displayed in the site plan and profile for the structure in Appendix A. The subsurface conditions were interpreted as soft or 97 
loose to medium dense alluvial deposits, over soft to medium stiff lacustrine deposits. Medium dense to very dense advance 98 
outwash and hard proglacial lacustrine deposits were encountered at depth along the fish passage alignment. 99 

The exploration locations are shown on the Retaining Wall Plan and Profile (Appendix A). The soil boring logs and the CPT 100 
probing data used for design of this structure are contained in Appendix B. Results of soil laboratory testing from these 101 
explorations are included in Appendix C. The number of the explorations for the project is compliant with the Project GDM.  102 

3.3 Site Groundwater Conditions 103 
WSDOT installed a piezometer in boring R2B-S15p-17 and a vibrating wire piezometer in boring R2B-S16vw-17 on 104 
September 6, 2017. Groundwater levels fluctuated between elevations 25.3 and 29.0 feet in boring R2B-15p-17 and elevations 105 
26.3 and 28.8 feet in boring R2B-16vw-17. Two CPT probes, W-103cp-20 and W-198cp-20, were performed that included 106 
dissipation tests at approximate depths of 20.2 and 10.1 feet, respectively. Groundwater was encountered during the dissipation 107 
tests at approximately elevation 28.4 and 30.2 feet in W-103cp-20 and W-198cp-20, respectively. Based on the available 108 
information, seasonal fluctuation of groundwater levels at the project site is expected. A design groundwater elevation of 29 109 
feet was used in the analysis for this report. 110 
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4.0 Geologic Hazards  111 
Potential liquefaction, lateral spread risks, and earthquake fault line concerns are addressed in the following sections. 112 

4.1 Seismic Site Class and Design Parameters 113 
Appendix E consists of a design calculation package presenting detailed evaluations, according to the Project GDM Chapter 6 114 
(Seismic) from RFP Appendix G5 and the WSDOT Bridge Design Manual (WSDOT 2019) Chapter 4, for determining the 115 
seismic parameters for the site. The calculations in Appendix E-1 include the calculation of the site class for the project site. To 116 
determine the site class, the methods in LRFD Bridge Design Specifications Section 3.10.3.1 (AASHTO 2017) were used.  117 

Shear wave velocity measurements were taken at the fish passage site in CPTs W-103cp-20 and W-198cp-20. The time-118 
weighted average shear wave velocities for the upper 100 feet of the soil profiles (vs) were about 660 feet per second, 119 
consistent with Site Class D. In addition, the time-weighted average Standard Penetration Test (SPT) blow count (blows per 120 
foot) for the upper 100 feet of the soil profiles (N̅) was used to determine the site class in accordance with the LRFD Bridge 121 
Design Specifications (AASHTO 2017). Values for the average blow count from the four borings (R2B-S14-17, R2B-S15p-17, 122 
R2B-S16vw-17, and W-102-20) at the site ranged from 18 to 28, with an average value of 23. Thus, it was determined that the 123 
fish passage and the wall 07.50R site should be classified as Site Class D. See Appendix E-1 for the full calculation for the site 124 
class. 125 

The General Procedure Method outlined in Project GDM Section 6-2.1 was used to determine the seismic design parameters 126 
for the wall 07.50R. This included using a specification/code-based hazard (from Project GDM Section 6-3.1) with a 127 
specification/code-based ground motion response (from Project GDM Section 6-3.2.1). 128 

The seismic parameters for the site are summarized in Table 3 for the safety evaluation earthquake (SEE). These correspond to 129 
a return period for the hazard of about 1,000 years for the SEE. 130 

Table 3: Seismic Site Class and Design Parameters 131 

Parameter 
Return Period 

1,000-year (SEE) 

Site Class D 
Peak Ground Acceleration (PGA) 0.434g 

FPGA 1.166 
Site-Adjusted Peak Ground Acceleration (AS) 0.506g 

Short-period (0.2 second) spectral acceleration (SS) 0.988g 
Site coefficient (Fa) 1.105 

Short Period design response acceleration (SDS) = SS x Fa 1.092g 
1.0 second period spectral acceleration (S1) 0.284g 

Site coefficient (Fv) 2.032 
1.0 second design response acceleration SD1 = S1 x Fv 0.577g 

Mean Earthquake Magnitude (Mw) 7.0 

Abbreviations: 132 
SEE = safety evaluation earthquake 133 

4.2 Liquefaction 134 
Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a temporary but essentially total loss of shear 135 
strength under the reversing, cyclic shear stresses associated with earthquake shaking. Cohesionless sands and silts submerged 136 
below the groundwater table with low relative density that lie within approximately 80 feet of the ground surface are the type 137 
of soils susceptible to liquefaction. The depth limit is in accordance with the Project GDM Section 6-1.2.3.  138 
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Clays are generally not susceptible to liquefaction. Besides a loss of strength, liquefaction can cause settlement of the overlying 139 
layers as the liquefying layer densifies following the earthquake shaking. 140 

It was determined that there is a potential for liquefaction at the site within saturated soils with SPT N-value corrected for 141 
effective overburden stress ([N1]60) blow counts of fewer than 20. This was generally found within portions of ESUs 2B-1, 2C, 142 
3A, and 3E from about elevation -7 to 28 feet, as discussed below. 143 

Per Project GDM Section 6-4.2.2, simplified procedures following the methods in Boulanger and Idriss (2014) were used to 144 
evaluate the factor of safety (FS) for liquefaction triggering for all soils at the site. The methods of Youd and Idriss (2001) and 145 
Cetin et. al (2004) were also evaluated to check the values obtained from the Boulanger and Idriss (2014) methods. Based on 146 
Section 6-4.2.4 of the Project GDM, the liquefaction-induced settlement evaluations followed the procedures in Ishihara and 147 
Yoshimine (1992) and the seismically induced settlement of the unsaturated soils was evaluated using the procedures of 148 
Tokimatsu and Seed (1987), as summarized in Kavazanjian et al. (2011). 149 

Based on these evaluations as well as the boring logs (Appendix B) and our calculations (Appendix E-1), portions of the ESU 150 
2B-1, 2C, 3A, and 3E layers are expected to liquefy for the SEE hazard level. There are pockets within the ESU 2B-1, 2C, 3A, 151 
and 3E soils at the site that will not liquefy during the design seismic events because these pockets include more cohesive soils 152 
or are too dense to liquefy. This mostly pertains to the ESU 2B-1 and 3A soils, as well as the ESU 3E soils at the eastern end of 153 
the box culvert, and wall 07.50R, as shown in the liquefaction triggering calculation in Appendix E-1. The ESU 2C soil layer 154 
mostly liquefies.  155 

The evaluated seismically induced settlement for the site (which includes both liquefaction settlement and unsaturated loose 156 
sand densification) from the boring data ranges from 4.0 to 5.5 inches (average value is about 5.0 inches). The two CPTs 157 
(thought to be a better indicator of the actual settlement) at the site showed about 4.5 to 7.0 inches of liquefaction settlement. 158 
These values are all for the SEE hazard. Magnitudes of the seismic liquefaction-induced settlements of wall 07.50R will be 159 
similar to the those experienced by the fish passage culvert. Based on evaluation and calculations of the seismic liquefaction-160 
induced settlements that occur below the bottom of the box culvert (see Appendix E-1), the settlement profiles (in a direction 161 
perpendicular to the face of the wall; i.e., along the direction of the fish passage culver) under both the safety evaluation 162 
earthquake and functional evaluation earthquake conditions are shown in Figure 1.  163 
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Figure 1: Liquefaction-Induced Settlement Profiles 

 164 

4.3 Fault Rupture 165 
Earthquakes generally are caused by a sudden slip or displacement along a zone of weakness, termed a fault, in the Earth's 166 
crust. Earthquakes and faulting in the greater Seattle area are a significant geologic hazard. Subduction zone (megathrust) 167 
earthquakes along the boundary between the Pacific, Juan de Fuca, and North American tectonic plates, termed the Cascadia 168 
Subduction Zone, are capable of moment magnitude events up to 9.0. While the ground shaking hazard in the region would be 169 
very high, fault rupture from a Cascadia Subduction Zone event is negligible, as that fault boundary is offshore and at great 170 
depth.  171 

The most recent damaging earthquake in the Puget Sound region was the Nisqually Earthquake of 2001, which was a moment 172 
magnitude 6.8 earthquake with an epicenter approximately 78 miles southwest of Seattle, near Olympia. This earthquake was 173 
an intraplate fault rupture at a depth of 51.8 kilometers, and while it did result in ground deformation, it did not manifest itself 174 
at the ground surface as fault rupture.  175 

Surface fault rupture is a manifestation of the fault displacement at the ground surface. Surface fault rupture can be horizontal, 176 
vertical, or a combined displacement at the ground surface and is usually associated with moderate- to large-magnitude 177 
earthquakes (magnitudes of about 6 or larger) occurring on active faults having mapped traces or zones at the ground surface. 178 
The amount of surface fault displacement can be as much as 10 feet (3 meters) or more, depending on the earthquake 179 
magnitude and other factors. 180 

The nearest known active faults near the project site are within the east/west-trending Seattle Fault zone, which extends from 181 
west of Crosby to east of Bellevue, a distance of 74 kilometers. The zone contains a series of subparallel fault traces with the 182 
two closest traces being about 300 and 1,700 feet to the south of the site based on mapping by Czajkowski and Bowman 183 
(2014). These distances are based on the fault mapping included on the United States Geological Survey website 184 
(https://earthquake.usgs.gov/hazards/qfaults). (See the fault map that is included in Appendix E-1 for reference.) The 185 
Washington Department of Natural Resources also has a website portal that shows details of the Seattle Fault and other 186 
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structures in the area (https://geologyportal.dnr.wa.gov/#natural_hazards). The Seattle fault is considered a thrust fault with a 187 
dip 25 to 80 degrees in a southerly direction (USGS 2016). Surface exposures of the Seattle fault zone are few and are 188 
complicated by deep burial beneath thick sequences of glacial till and alluvium. As such, the constraints on the two nearest 189 
fault traces are poor and considered inferred and identified as fault lineaments. A majority of fault rupture investigations and 190 
mapping have focused on traces to the north in Bellevue and points around West Lake Sammamish (Liberty and Pratt 2008, 191 
Nelson et al. 2014, Pratt et al. 2015). 192 

The Washington Department of Natural Resources (2019) evaluated an earthquake scenario with an M7.2 earthquake on the 193 
Seattle Fault caused by a rupture that is 63 kilometers (40 miles) long on the northernmost strand of the Seattle fault zone, from 194 
the Kitsap Peninsula to just east of Lake Sammamish. The scenario is based on an earthquake that probably caused a surface 195 
rupture on the fault in the Bellevue area thousands of years ago. That event caused about 2 meters (6.5 feet) of surface 196 
displacement west of Lake Sammamish near SE 38th Street. This location is several kilometers north of the site. Based on this 197 
information, the potential for surface fault rupture at the site is judged to be negligible. 198 

5.0 Design Soil Properties 199 

5.1 Engineering Stratigraphic Units  200 
Table 4 summarizes encountered geological units and the assigned ESUs used to develop engineering recommendations for the 201 
Fish Passage UNT 08.LW.0283 – I-405 structure and wall 07.50R. 202 

Table 4: ESU Units and Descriptions 203 

Geologic Unit Name Assigned ESU ESU Description 

Existing Fill 1B Predominantly silty SAND with poorly graded and well 
graded SAND, medium dense to dense. 

Alluvium with Organics (Qal) 2C SILT/CLAY, very soft to soft, with organics. 
Alluvium (Qal) 3A Silty SAND, medium dense. 

Recessional Lacustrine Deposits (Qvrl) 3E SILT/Lean CLAY, soft to medium stiff. 

Glaciolacustrine Deposits (Qgl) 4E Lean CLAY or Lean CLAY with sand to SILT with sand or 
SILT with sand lenses, hard, massive. 

Abbreviations: 204 
ESU = Engineering Stratigraphic Units 205 
Appendix A includes a profile along the wall alignment and the cross section at the center of the culvert (approximately Sta. 206 
0+87), illustrating the ESU layers. Details of the ESU soil properties and a sample calculation of the SPT N-value corrected for 207 
effective overburden stress are included in Appendix D-1 and Appendix D-2, respectively. 208 

Boring R2B-S15p-17, advanced near the location of Fish Passage UNT 08.LW.0283 – I-405 and wall 07.50R, encountered up 209 
to approximately 10 feet of ESU 1B (fill). Borings indicate the bottom of wall 07.50R will be within alluvium with organics 210 
(ESU 2C) and alluvium (ESU 3A), underlined by recent lacustrine (ESU 3E), and glaciolacustrine deposits (ESU 4E) at greater 211 
depth.  212 

CPT probing data from W-103cp-20 and W-198cp-20 were interpolated in assistance to determine the undrained strength (Su) 213 
of fine-grained material layers (ESU 2C and ESU 3E). 214 

5.2 Subgrade ESU Soil Profiles and Design Soil Properties 215 
The retaining wall plan and profile, ESU cross section, and soil profiles at the wall abutments are presented in Appendix A. 216 
The ESU soil properties were assigned based on laboratory testing and on the Geotechnical Soil Properties Methodology report 217 
(Wood 2020b). Borings used for design of Fish Passage UNT 08.LW.0283 – I-405 were included in the ESU development. 218 
Appendix D-1 describes each ESU’s soil properties in detail. Table 5 presents the ESU soil properties, which were used in 219 
settlement, global and external stabilities, and soil bearing resistance calculations. As discussed in Section 3.3, the observed 220 
groundwater elevations ranged from 25.5 feet to 30.2 feet within/surrounding the project site, and considering the wall is 221 
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located immediately adjacent to the fish passage culvert, the project design groundwater elevation is established at elevation 222 
29.0 feet, which is the same as the design groundwater elevation used for the fish passage (Wood 2021). 223 

Table 5: Design Soil Properties for Wall 07.50R 224 
 225 

 226 
Abbreviations: 227 
φ’ = effective friction angle  (N1)60 = SPT N-value corrected for effective overburden stress 228 
c’ = effective cohesion  pcf = pounds per cubic foot 229 
deg = degree psf = pounds per square foot 230 
ESU = Engineering Stratigraphic Unit Su = Undrained Shear Strength 231 
NA = not applicable  USCS = Unified Soil Classification System 232 

ESU 3E soil properties were established based on results of explorations from borings R2B-S15p-17, R2B-S16vw-17, and 233 
W-102-20, and CPT probing in W-198cp-20/20A. R2B-S15p- 17, which was the closest to wall 07.50R, visually classified the 234 
soil sample obtained within the ESU 3E layer as CL. Considering that ESU 3E soils are low plasticity and the other soil 235 
borings showed the ESU 3E soils as ML, and that the CPT probing at W-198-20 indicated thinner interbeds of sand to silty 236 
sand within the ESU 3E layer, the ESU 3E soil layer was not considered to be consolidation material and effective stress shear 237 
strength soil parameters are applicable for the use of global stability analysis under static conditions. The ESU 4E soil layer 238 
consists of Glaciolacustrine Deposit, classified as SILT with low plasticity (ML), with high SPT blow counts (N1)60 of 71, 239 
which is an indication of soil subject to high over-consolidation. As a result, settlements within the ESU 4E layer will behave 240 
elastically; similar to the load-settlement response of cohesionless soils. 241 

5.3 Soil Parameters for Standard WSDOT Materials 242 
Table 6 presents design soil properties to be used for typical WSDOT specified backfill, as suggested in the Project GDM. 243 

Table 6: WSDOT Specified Backfill Engineering Stratigraphic Unit Parameters 244 

Material 
WSDOT 

Standard 
Specification 

Soil Type  
(USCS classification) 

Soil Friction 
Angle  

(degrees) 
Cohesion  

(psf) 
Moist Unit 

Weight  
(pcf) 

Common Borrow 9-03.14(3) ML, SM, GM 32 0 120 
Select Borrow 9-03.14(2) GP, GP-GM, SP, SP-SM 36 0 125 
Gravel Borrow 9-03-14(1) GW, GW-GM, SW, SW-SM 38 0 135 

Gravel Backfill for Walls 9-03.12(2) GW, GP, SW, SP 38 0 130 
Source: Project GDM 5.2 - Presumptive Design Ranges for Compacted Borrow and WSDOT Standard Specifications (WSDOT 245 
2018c). 246 
Abbreviations: 247 
pcf = pounds per cubic foot USCS = Unified Soil Classification System 248 
psf = pounds per square foot WSDOT = Washington State Department of Transportation 249 
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6.0 Engineering Analysis 250 
The following sections describe results of geotechnical engineering analyses and recommendations for wall 7.50R. The 251 
recommendations are based on our interpretation of the subsurface condition shown in the ESU cross sections and profiles, and 252 
elevation and/or geometry of the structures. The design cross sections have been analyzed for liquefaction, global stability, 253 
external stability, and settlement for the wall.  254 

6.1 Liquefaction Analysis 255 
Liquefaction potential was evaluated based on empirical correlations between the SPT N value, peak ground acceleration, and 256 
earthquake magnitude using the method published by Idriss and Boulanger (2004), and the results are provided in Appendix 257 
E-1. The liquefaction analysis was carried out using the seismic parameters developed for this site as presented in Section 4.2. 258 
The analysis shows that the submerged portions of ESUs 2C and 3A are susceptible to liquefaction during a seismic event. 259 

6.2 Global Slope Stability Analysis Method 260 
Wood performed two-dimensional, limit equilibrium analyses based on the method of slices according to Spencer and 261 
Morgenstern-Price’s method using Slope/W software from Geo-Slope International, Ltd. This program employs limit 262 
equilibrium methods in accordance with the Project GDM Chapter 7 and Section 15.4.12. The components required to carry 263 
out a Slope/W analysis, such as slope geometry, slip surfaces, and material properties, were established previously in this 264 
report and were input into the software. Trial slip surfaces were created using the entry and exit method. The material 265 
properties describe the shear strength of a soil, and are generally defined by unit weight, cohesion, and friction angle. Pore 266 
water pressures were specified by piezometric lines. During the analysis, the trial slip surfaces are created with the entry and 267 
exit method. The sections of the ground surface line where the slip surface must enter and exit were established and then during 268 
subsequent iterations, the exit and entry zones were narrowed during the analysis. Slope/W computes the FS for numerous slip 269 
surfaces. The slip surface with the lowest FS, or the critical slip surface, is displayed in the results view. This represents the 270 
potential sliding mass most likely to exhibit failure based on the inputted parameters.  271 

Analyses of global stability were performed for the critical cross sections, which are listed in Table 7. The three critical cross 272 
sections were selected based on the maximum exposed wall heights within the section. There is minimal concern regarding 273 
global stability for the wall in Section 7 (i.e., immediately above the fish passage culvert) due to the presence of the reinforced 274 
concrete culvert. 275 

Table 7: Wall 7.50R Wall Details 276 

Design Wall 
Section 

Considered 
Cross 

Section Station 
Elevation (feet) Wall Height (feet) 

Top Bottom1 Exposed Height Design Height (H)2, 3, 4 

1 
A–A’ 

0+25–0+45 50.5 40.5 10.0 12.0 
2 0+45–0+68 50.0 30.5 19.5 21.5 
3 0+68–edge of culvert 50.0 28.0 21.4 25.4 

Notes: 277 
1. Elevation at front of wall (Bottom of exposed wall height).  278 
2. For geosynthetic wall, the design wall height (H) is defined as the distance between the bottom-most geosynthetic 279 

reinforcement and the finished grade behind the top of the wall. 280 
3. For an SEW, the design wall height (H) is defined as the distance between the top of the wall leveling and the finished grade 281 

behind the top of the wall. 282 
4. Design wall height equals the exposed wall height plus a 2-foot embedment depth for Section 1 and Section 2. Design wall 283 

height to match bottom of wall elevation provided by the project structural engineer for Section 3. 284 
In our analyses, we assumed that the geosynthetic wall or SEW reinforced earth zones were internally stable and modeled them 285 
as a high-strength soil element for external global stability analyses. Checks on the internal stability of the wall will be 286 
performed by the Specialty Contractor wall designer prior to construction of the walls. The analyses considered static load 287 
conditions by using effective shear strength parameters and steady-state groundwater conditions with no excess pore pressures 288 
within the soils, which is appropriate because the soils are granular and will drain relatively quickly. For the post-liquefaction 289 



 
In Association with  

  

Geotechnical Engineering Report: Wall 7.50R   Page 10 

File Name: 2022-01-03 Wall 7.50R Geotechnical Report RFU REDLINES 

case, global stability was analyzed using the liquefied strength and the undrained shear strength of the material. The pseudo-290 
static seismic loading was carried out incorporating a horizontal acceleration, kh, = the horizontal acceleration coefficient = 291 
(0.5)*(As; site-adjusted peak ground acceleration) = (0.5)*(0.506g) = 0.253g. Note that the reduction factor of 0.5 is used based 292 
on Article 11.8.6.2 and Article 11.6.5.2.2 in the LRFD Bridge Design Specifications (AASHTO 2017) by considering that 293 
permanent ground displacement associated the wall would be approximately less than 1.0 to 2.0 inches.  294 

Under static conditions, a resistance factor of 0.75 (i.e., FS = 1.3) was targeted for the global stability analysis by using 295 
Strength Limit State load groups (based on the Strength Limit foundation soil bearing pressure presented in Table 6) and using 296 
a load factor of 1.0 for non-structural loads in accordance with Project GDM Section 15-4.12. For the stability analysis under 297 
Extreme Event Limit, the targeted resistance factor was 0.9 (i.e., FS = 1.1) by using Extreme Event Limit State load groups 298 
(based on the Extreme Event Limit foundation soil bearing pressure presented in Table 6) and using a load factor of 1.0 for 299 
non-structural loads. A live load of 250 pounds per square foot was considered for the service load and 125 pounds per square 300 
foot for the extreme event cases (post-seismic and seismic loading).  301 

Note that the stability analyses presented in this report assumed that the wall was internally stable and modeled the wall as 302 
high-strength soil elements to force the critical slip surface around the wall. No compound failure mode for the wall was 303 
considered. Compound failure modes are characterized by a slip surface that develops through the reinforced soil and backfill. 304 
In accordance with Section 15-5.3.4 in the Project GDM, compound stability will be verified after the internal stability design 305 
of the wall has been completed by the wall designer. 306 

The output figures from our global stability analyses are shown in the calculation package in Appendix E-2. 307 

The stability analyses presented in this report assumed that the wall was internally stable and modeled the reinforced zone as 308 
high-strength soil elements to force the critical slip surface around the wall. According to Project GDM Section 15-5.3.4, 309 
compound stability will be checked later, after the internal stability design information is provided by the wall designer. Based 310 
on the results of the compound stability analyses, the recommended minimum widths of the reinforcing zone may be adjusted. 311 
WSDOT Common Borrow may be used for the unreinforced areas.  312 

7.0 Retaining Wall Design and Recommendations 313 
The approximate location of the proposed retaining wall is shown on Sheet 2B in Appendix A. The engineering analyses for 314 
external stability and recommendations presented in this report are based on cross section A–A’ (Appendix A, Sheet 3). Wall 315 
descriptions, design considerations, and recommendations are presented in this section. 316 

Wall Design: Section 15-5.3 in the Project GDM states that “… MSE [mechanically stabilized earth] wall design procedures 317 
assume that inextensible reinforcements are not mixed with extensible reinforcements within the same wall. Therefore, MSE 318 
walls shall not contain a mixture of inextensible and extensible reinforcements.” Therefore, only one given wall type (i.e., 319 
either a geosynthetic wall or SEW) will be designed for wall 07.50R. Based on the soil conditions, groundwater table, the 320 
Project GDM, and the LRFD Bridge Design Specifications (AASHTO 2017), the design of wall 7.50R was carried out. Results 321 
of the analysis for liquefaction susceptibility are presented Appendix E-1. Results of the analyses of global stability, settlement 322 
analysis, external stability, and bearing resistance are included in Appendix E-2.  323 

All the wall sections (i.e., Sections 1 through 7) will be designed as non-standard geosynthetic walls or SEWs, and the wall 324 
designer will perform special designs (including internal stability and compound stability) and submit the shop drawings prior 325 
to the construction by following the requirements in Section 2.6.6.3.1 of the RFP. Note that WSDOT Standard Plan D-3.09-00 326 
for geosynthetic wall is not applicable for the project, because Section 2.6.6.3 in the Project RFP states that “WSDOT Standard 327 
Plan retaining and noise walls have not been designed for liquefaction or liquefaction effects. If liquefiable soils are present, 328 
the Design-Builder shall not use WSDOT Standard Plan retaining or noise walls unless the liquefaction is mitigated.”  329 

Scouring Considerations: Table 15 in the I-405 Mile Post 7.59 Unnamed Tributary 08.LW.0283 – I-405: Final Hydraulic 330 
Design Report for Fish Barrier Removal (Wood 2020c) indicates that the total scour depths of the 100-year and 500-year 331 
floods for the upstream face of the culvert are 1.00 foot and 1.59 feet, respectively. The fish passage culvert design (presented 332 
in a separate report submittal) considered that the depth of the streambed sediment be extended a minimum of 2 feet below the 333 
depth of scour calculated for the 100-year flood.  334 

Minimum Wall Embedment: As per the Project GDM and the LRFD Bridge Design Specifications (AASHTO 2017), wall 335 
07.50R will have a minimum embedment of 2 feet, or 10 percent of the design wall height, for sloping ground at the front face, 336 
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whichever is greater; except that at the location adjacent to the fish passage culvert, the minimum embedment depth should be 337 
2 feet below the potential scour depth. Such wall embedments were considered in the stability analyses in this report. Based on 338 
the site configurations, the project structural engineer will provide details of the wall embedment in the Released for 339 
Construction Plans. Bottom elevations of the walls used in the design analyses were based on the wall profile presented in the 340 
Structural Plans in Appendix A. The design meets the requirement that wall elevation for scour considerations should be held 341 
to a distance of at least two times the required scour depth from the culvert laterally on both sides of the fish passage.  342 

Minimum Width of Reinforced Zone: The width of the reinforcement for the geosynthetic wall or SEW shall be a minimum of 343 
70 percent of the full height of the wall and not less than 8 feet; unless otherwise indicated. Based on the calculations presented 344 
in Appendix E-2, the required minimum width of reinforced zones to satisfy the global stability are summarized in Table 8.  345 

Table 8: Wall Types and Required Minimum Width of Reinforcement 346 

Structure Location Wall Type Minimum Width of 
Reinforcement (feet) 

Section 1 (Sta. 0+25 to Sta. 0+45) and 
Section 6 (Sta. 1+30 to Sta. 1+47) Geosynthetic Wall or SEW (0.7)*(H) or 8 feet, whichever is 

greater1  
Section 2 (Sta. 0+45 to Sta. 0+68) and 

Section 5 (Sta. 1+07 to Sta. 1+30) Geosynthetic Wall or SEW 921, 2 

Section 3 (Sta. 0+68 to Sta. 0+72) and 
Section 4 (Sta. 1+03 to Sta. 1+07) Geosynthetic Wall or SEW 88 (Use 92 in design) 1, 2 

Section 7 (Sta. 0+72 to Sta.1+03) Geosynthetic Wall or SEW (0.7)*(H) or 8 feet, whichever is 
greater3  

Notes: 347 
1. The minimum width is defined as the distance limit behind the face of the wall (i.e., in a direction perpendicular to the wall), 348 

except for Section 7 (see Note 2).  349 
2. Thickness of the reinforcement zone will be determined based on results of compound stability analyses, which will be 350 

performed later. 351 
3. The minimum width for Section 7 is defined based on wall cross sections in a direction parallel to the centerline of the culvert. 352 
Abbreviations: 353 
H = design wall height 354 
SEW = structural earth wall 355 
Sta. = Station 356 
Note that the centerline direction of the fish passage culvert is skewed at an angle of approximately 65 degrees, rather than 357 
perpendicular to the direction of the wall. The wall designer will finalize the configuration and layout of the SEW reinforcing 358 
straps without interfering the culvert.  359 

Fish Passage Interface Sliding Resistance: Section 7 (from Sta. 0+72 to Sta.1+03) of wall 7.50R will be founded over the top 360 
of the cast-in-place culvert of Fish Passage UNT 08.LW.0283 – I-405. Considering that the top of the culvert will be cast in 361 
formwork (i.e., with concrete surface roughness similar to that of precast concrete), based on Equation (10.6.3.4-2) in Section 362 
10.6.3.4 in LRFD Bridge Design Specifications (AASHTO 2017), the sliding resistance reduction factor, C-value, should be 363 
0.8 for the wall backfill soil and concrete interface. 364 

Global Stability: The Spencer method was used in static and pseudo-static cases, and the Morgenstern-Price method was used 365 
to calculate the FS for post-liquefication case. Results of the global stability analyses indicate that the FSs of the global 366 
stability are satisfactory, with a minimum FS ≥ 1.3 for the Static and FS ≥ 1.1 for both the post-seismic and pseudo-static 367 
loading states.  368 

The calculations and results of the global stability checks are presented in Appendix E-2 and summarized in Table 9. 369 
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Table 9: Results of Global Stability Analyses 370 

Critical 
Section Limit State Calculated FS  

1 
Static, Service 1 (FS ≥ 1.3) 1.8 (Okay) 

Post-Seismic, Liquefied Extreme 1 (FS ≥ 1.1) 1.1 (S & M-P; circular slip surface) (Okay) 
Pseudo-static Extreme 1 (FS ≥ 1.1) 1.2 (Okay) 

2 
Static, Service 1 (FS ≥ 1.3) 4.0 (Okay) 

Post-Seismic, Liquefied Extreme 1 (FS ≥ 1.1) 1.1 (S & M-P; circular slip surface) (Okay) 
Pseudo-static Extreme 1 (FS ≥ 1.1) 2.5 (Okay) 

3 
Static, Service 1 (FS ≥ 1.3) 4.1 (Okay) 

Post-Seismic, Liquefied Extreme 1 (FS ≥ 1.1) 1.1 (S & M-P; circular slip surface) (Okay) 
Pseudo-static Extreme 1 (FS ≥ 1.1) 1.8 (Okay) 

Abbreviations: 371 
FS = factor of safety M-P = Morgenstern-Price method 372 
S = Spencer method 373 
Note that in accordance with Section 7.3 in Project GDM, two limit equilibrium methods (Spencer & Morgenstern-Price 374 
methods, both of which satisfy both force and moment equilibrium) were used for the critical case (i.e., post-seismic liquefied) 375 
loading condition of each design wall section. 376 

Limit State Design: The LRFD Bridge Design Specifications (AASHTO 2017) and the Project GDM were used for the design 377 
of the retaining wall. The eccentricity, sliding, and bearing resistance at the Strength 1 and Extreme 1 Limit State was 378 
evaluated. The calculations were performed using the backfill properties recommended in the Project GDM. For foundation 379 
soils, the estimated strength parameters based on the ESUs within the zone of influence were used. The wall was analyzed 380 
using a yield acceleration of kh = 0.253 for the Extreme 1 limit state. 381 

External Stabilities: Results of calculations and evaluation (Appendix E-2) indicate that stabilities in terms of eccentricity, 382 
overturning, sliding, and bearing stresses under Strength 1 and Extreme Event 1 Limit states are satisfactory.  383 

Bearing Resistance: The bearing resistance calculations also show that under the Strength 1 and the Extreme 1 load cases, the 384 
capacity to demand ratio is larger than one. The calculation package is presented in Appendix E-2. Results are summarized in 385 
Table 10. 386 

Table 10: Wall 7.50R Nominal and Factored Bearing Resistance 387 

Section 

Nominal Bearing Resistance (ksf) Factored Bearing Resistance (ksf) 1, 2 

Strength 1 
Extreme 1 
(Pseudo-

Static) 

Extreme 1 
(Post-

Liquefied) 
Strength 1 

Extreme 1 
(Pseudo-

Static) 

Extreme 1 
(Post-

Liquefied) 

1 and 6 25.1 18.7 18.7 16.3 12.2 12.2 
2 and 5 44.6 44.6 27.2 29.0 40.1 24.5 
3 and 4 25.5 25.5 16.5 16.6 23.0 14.9 

Notes: 388 
1. A resistance factor of 0.65 was applied to obtain the Strength Limit factored bearing resistance; based on Table 11.5.7-1 in 389 

Section 11.5.7 of the LRFD Bridge Design Specifications (AASHTO 2017). 390 
2. A resistance factor of 0.90 is applied to obtain the Extreme Event limit factored bearing resistance; based on Section 11.5.8 of 391 

the LRFD Bridge Design Specifications (AASHTO 2017). 392 
Abbreviations: 393 
ksf = kips per square foot 394 
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Considerations Regarding Wall Settlements: The bearing stress analysis considering transient live load was carried out and is 395 
presented in Appendix E-2. Service 1 limit settlement calculation was performed for three critical sections using the Hough 396 
method (AASHTO 2017).  397 

Under static loading conditions, the calculated total settlements of the selected critical design Sections 1, 2, and 3 under static 398 
loading conditions are 3.5, 3.7, and 3.6 inches at Sta. 0+45, Sta. 0+68, and Sta. 0+72, respectively (see calculations in 399 
Appendix E-2). Note that the total settlement at Section 1 includes settlement due to fill placement below the bottom of the 400 
wall (1.7 inches as calculated) and settlement due to subsequent wall surcharge (1.8 inches as calculated). 401 

Based on discussions of construction sequence in Section 8.4 of this report and illustratedion in Figure 21 below, during 402 
construction of the structural facing elements of the wall, fill materials for the embankment and all the wall sections will be 403 
placed in a continuously monolithic (uniform) lifts. Such measures will result in insignificant mitigate potential differential 404 
settlements along the wall. effects on the wall structural facing elements. Along the approximately 47 lineal feet of design wall 405 
Sections 1, 2, and 3 (i.e., the wall begins from Sta. 0+25 and ends at Sta. 0+72), the maximum calculated differential settlement 406 
is 0.2 inch. Based on the above discussions ofn settlements under static loading conditions and the calculated seismic 407 
liquefaction-induced settlement presented in Section 4.2, referring to As a result, both the total and differential settlements 408 
meet the requirements in Table 15-4 in the Project GDM,. the wall designer will confirm that the anticipated settlements are 409 
angular distortion is tolerable.  410 

 
Figure 2: Wall 07.50R Construction Sequence 
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 411 

With the maximum total settlement no greater than 4 inches, based on Section 15.4.7 in the Project GDM and per Article 412 
C11.10.4.1 in LRFD Bridge Design Specifications (AASHTO 2017), SEWs with precast panels facings up to 75 square feet in 413 
area could be constructed in a single stage without waiting for completion of the settlement. For a geosynthetic wall, based on 414 
the settlement criteria in Table 15-4 in the Project GDM, the wall shall be constructed in two stages, in which the structural 415 
facing is installed as a second construction stage after the wall settlement is completed. The majority of the settlements will be 416 
completed in the short term; within approximately two to four weeks of completion of the fill placement. Note that ESU 2C 417 
and ESU 3E silty soils are non-plastic or with low-plasticity (plasticity index values ranging from 2 to 5). Settlements within 418 
such soil layers are anticipated to occur in short-term rather than long-term consolidation (refer to Section 7-7 in Bowles 419 
[1997]).  420 

Design of Geosynthetic Wall: The calculated total and differential settlements meet the requirements of Table 15-4 in the 421 
Project GDM that the maximum total settlement should be no greater than 4 inches and the maximum differential settlement 422 
(∆H50) should be no greater than 3 inches. 423 

Design of SEW with Precast Panel Facing: The calculated total maximum wall settlement was less than 4 inches, which 424 
meets the requirement in Section 15-4.7 of the Project GDM that the maximum total settlement should be no greater than 4 425 
inches. Design of the SEW will meet the following requirements: 426 

• For wall design Section 3, located immediately adjacent to the edge of the fish passage culvert, the calculated 427 
settlement is 3.6 inches, which is the maximum settlement within the wall surcharge area. The precast facing 428 
panels are installed along the edge of wall surcharge area (i.e., the front face of the wall), where magnitudes of the 429 
stress increase are approximately 75 percent of those used for calculating the maximum settlement (refer to the 430 
pressure isobars based on the Boussinesq equation in Figure 5-4 in Bowles [1997]). Therefore, that estimated 431 
settlement of the precast panels is (3.6)*(0.75)=2.70 inches. Based on geotechnical analyses presented in the fish 432 
passage geotechnical engineering report (Wood 2021), the calculated settlement of the culvert at the wall 07.50R 433 
facing location is approximately 0.5 inch (i.e., calculated at the edge of the surcharge area; see calculations in 434 
Appendix E of the Wood [2021] report). As a result, under static loading conditions, the differential (relative) 435 
settlement of the wall facing at the culvert sidewall interfaces is approximately 2.20 (=2.70-0.50) inches. 436 
Considering the potential abrupt change in settlements at the wall facing and culvert interface, the wall designer 437 
will design wall slip joints at the outside edges of the culvert (i.e., along the interfaces between the edge of culvert 438 
and wall design Section 3 and 4). Such a requirement will be presented in the Released for Construction 439 
Structural Plans prepared by the project structural engineer. 440 

• Based on the limiting differential settlements indicated in Table C11.10.4.1-1 in Article C11.10.4.1 of the LRFD 441 
Bridge Design Specifications (AASHTO 2017) (i.e., as guidelines indicated in Section 15-4.7 of the Project 442 
GDM), the wall shall be designed with a precast facing panel joint width of 0.75 inch with the area of each 443 
precast facing panel no greater than 75 square feet, or a joint width of 0.50 inch with the area of each precast 444 
facing panel no greater than 30 square feet.  Such design-required joint widths were established based on 445 
evaluation of the calculated settlements of the select critical wall sections (as presented in Appendix E-2) and 446 
requiring the limiting differential settlement value (in terms of angulation) be no less than 0.005 (i.e., 1/200).  447 

• Due to the variable exposed wall heights as indicated in the Retaining Wall Plan and Profile (Sheet 2B of in 448 
Appendix A), the SEW will be constructed with a leveling pad in a step configuration along the cut slope, which 449 
will be designed by the wall designer, who will submit a design shop drawing for review and approval prior to the 450 
construction. To meet the above required differential settlement criteria, the maximum width of the leveling pad 451 
step shall not be greater than 12 feet.  452 

Soil borings R2B-S15p-17 and W-198cp-20 were located within the footprint of the approximately 122 linear-foot-long wall 453 
7.50R (Appendix E-1). The calculated seismically induced total settlements (including liquefaction-induced settlements and 454 
seismically induced settlement above the groundwater level) based on soil borings R2B-S15p-17 and W-198cp-20 are  5.1 and 455 
6.6 inches, respectively. The project structural engineer will coordinate with the wall designer to ensure the wall will tolerate 456 
the estimated settlements and to maintain integrity of the wall. The calculation package for the liquefaction and seismically 457 
induced settlement is provided in Appendix E-1.  458 
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Interactions between Construction of Wall 07.50R and Fish Passage Culvert: The concrete cast-in-place fish passage culvert 459 
will be constructed in three phases. The first phase of culvert construction, from Sta. 14+75 to Sta. 15+81, will include the 460 
construction of wall 07.75R. Since the alignment of the culvert is skewed at an angle of approximately 65 degrees, rather than 461 
perpendicular to the direction of the wall, the reinforcing straps of the wall below the top of the culvert will have to be placed 462 
in a direction parallel to the alignment of the culvert.  463 

Additional Design Considerations: 464 

• To mitigate potential unbalanced hydrostatic pressure buildup behind the SEW or geosynthetic wall, the project 465 
structural engineer will design underdrains near the base of the wall, based on WSDOT Standard Plan D-4, and 466 
tie the drains into the stream materials below grade. Details of the underdrains will be presented in the Released 467 
for Construction Drawings and Plans submitted by the project structural engineer. 468 

• If workers need to be directly below a temporary cut slope, then the cut will need to be sloped per the 469 
Occupational Safety and Health Administration standards for Soil Type C. The site conditions shall be verified 470 
during construction and engineered or temporarily shored. 471 

• WSDOT Common Borrow shall be used in the retained fill wedge behind the geosynthetic wall or SEW; wedge 472 
backslope at a minimum inclination of 1.5H:1V to be used.  473 

• Unless otherwise indicated, WSDOT specified that all backfill material within the reinforced zone for the SEW 474 
and geosynthetic walls shall consist of Gravel Borrow for Structural Earth Wall, per Section 9-03.14(4) in the 475 
WSDOT Standard Specifications (WSDOT 2018c).  476 

8.0 Recommendations for Construction and Maintenance  477 
In addition to the design recommendations, the following construction and maintenance concerns shall be implemented as 478 
applicable.  479 

8.1 Settlement 480 
In accordance with Section 2.6.7.5 and Section 2.6.9.1 in the RFP, a Geotechnical Instrumentation Plan for wall 07.50R will be 481 
prepared and submitted as a separate report. 482 

It is recommended that a minimum of two settlement plates be installed at the toe, in front of and near the face of the wall. The 483 
settlement plates should be installed prior to the fill placement.  484 

Based on the above recommendations, the project structural engineer should incorporate the following hold point requirements 485 
in the construction notes on the released for construction project drawings: 486 

• After clearing and grubbing and prior to placing fill, the contractor shall install a 2 x 2-foot settlement plate at 487 
grade. Two settlement plates shall be installed at the toe of the wall, approximately 3 feet from face of the wall. 488 

• Following baseline survey of the settlement plate, survey shall be performed at the hold points below: 489 

o Beginning of fill construction: every 5 vertical feet, 490 
o End of fill construction: every 5 vertical feet, and  491 
o End of the final fill placement and twice a week afterwards. 492 

The survey data should be evaluated by Wood to determine the time when the settlement is stabilized prior to starting the 493 
second stage structural wall facing construction of the geosynthetic wall. Stabilization/stop of the settlements is defined as 494 
settlements less than ¼ inch over three consecutive weekly readings of vertical settlements.  495 

8.2 Surface Water and Groundwater 496 
Based on the groundwater measurements (see Section 3.3), temporary dewatering will not be required during the installation of 497 
the wall. Temporary erosion and sediment control plans, implementation, and maintenance will be needed to prevent surface 498 
water and sediment from affecting adjacent areas. 499 

8.3 Temporary Slopes and Shoring 500 
The wall construction may require temporary shoring at some locations to retain the fill (ESU 1B). The project Contractor is 501 
responsible for designs of temporary cut slopes and shoring. In accordance with Section 2.6.9.1 in the RFP, design and 502 
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supporting calculations for temporary works will be submitted by the Contractor prior to the construction and will be reviewed 503 
by the Wood Geotechnical Group Manager.  504 

All excavation work shall comply with local, state, and federal safety codes. Considering the fill and landslide deposits 505 
encountered at the site, the Occupational Safety and Health Administration soil type is classified as Type C. All open-cut 506 
excavation shall have maximum allowable slopes no steeper than 1.5 horizontal (H):1 vertical (V). Per Section 15.7 in the 507 
Project GDM and based on Section 2-09.3(3)B in the WSDOT Standard Specifications (WSDOT 2018c), open temporary cuts 508 
shall meet following requirements: 509 

• No vehicular or construction traffic or construction surcharge loads will be allowed within 5 feet of the top of the 510 
cut; 511 

• Exposed soil along the slope shall be protected from surface erosion; 512 
• Construction activities shall be scheduled so that the length of time the temporary cut is left open is reduced to the 513 

extent practical; and 514 
• Surface water shall be diverted away from the excavation. 515 

8.4 Construction Sequence 516 
The Fish Passage UNT 08.LW.0283 – I-405 culvert adjacent to the wall will be constructed in the following three phases in 517 
order: 518 

• Phase I: Culvert Sta. 14+75 to Sta. 15+81,  519 
• Phase II: Culvert Sta. 13+71 to Sta. 14+75, and 520 
• Phase III: Culvert Sta. 12+46 to Sta. 13+71. 521 

Construction of wall 07.50R will practically follow the same culvert construction in stages (starting from the Phase I). In such a 522 
case, the Contractor will take measures to ensure continuation/extension of the reinforcement elements of the wall. Based on 523 
the fish passage geotechnical report (Wood 2021), the estimated total settlements of the culvert range from 0.5 inch to 2.5 524 
inches. As a result, integrity and performance of the wall, which will be constructed in stages, will not be affected by the 525 
construction of the adjacent fish passage culvert.   526 

There is no construction sequence constraint for different sections of the wall (i.e., design wall Sections 1 through 7) during the 527 
Phase II and Phase III construction. To mitigate effects of differential settlements on the structural facing elements of the wall 528 
during the Phase I construction, all the wall sections will be constructed in a continuously monolithic lift sequence.  529 

8.5 Maintenance 530 
SEWs require typical maintenance throughout their lifetime. The wall will have drainage behind the wall to prevent hydrostatic 531 
pressure. These drainage systems need to be maintained. Additional maintenance considerations may be provided by the wall 532 
manufacturer during final design. 533 
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Appendix B – Field exploration procedures and logs 
The following paragraphs describe the procedures used for field explorations and field tests that Wood conducted for this 
project. Descriptive logs of our explorations are enclosed in this appendix. 

Mud rotary drilling procedures 
Exploratory borings were advanced with mud rotary using a track-mounted drill rig operated by an independent drilling firm 
working under subcontract to Wood. An engineering geologist from Wood continuously observed the borings, logged the 
subsurface conditions, and collected representative soil samples. All samples were stored in watertight containers and later 
transported to the laboratory for further visual examination and testing. After each boring was completed, the borehole was 
backfilled with a mixture of bentonite chips and soil cuttings, and the surface was patched with asphalt or concrete (where 
appropriate). 

Throughout the drilling operation, soil samples were obtained at 2.5- or 5-foot depth intervals by means of the Standard 
Penetration Test (SPT) per ASTM D-1586. This testing and sampling procedure consists of driving a standard 2-inch-diameter 
steel split-spoon sampler 18 inches into the soil with a 140-pound hammer free-falling 30 inches. The number of blows 
required to drive the sampler through each 6-inch interval was counted, and the total number of blows struck during the final 
12 inches was recorded as the Standard Penetration Resistance, or “SPT blow count.” If a total of 50 blows were struck within 
any 6-inch interval, the driving was stopped and the blow count was recorded as 50 blows for the actual penetration distance. 
The resulting Standard Penetration Resistance values indicate the relative density of granular soils and the relative consistency 
of cohesive soils. 

The enclosed boring logs describe the vertical sequence of soils and materials encountered in each boring, based primarily on 
field classifications and supported by subsequent laboratory examination and testing. Where a soil contact was observed to be 
gradational, boring logs indicate the average contact depth. Where a soil type changed between sample intervals, we inferred 
the contact depth. The boring logs also graphically indicate the blow count, sample type, sample number, and approximate 
depth of each soil sample obtained from the borings, as well as any laboratory tests performed on these soil samples. If any 
groundwater was encountered in a borehole, the approximate groundwater depth is depicted on the boring log. Groundwater 
depth estimates are typically based on the moisture content of soil samples, the wetted height on the sampling spoon, and the 
water level measured in the borehole after the auger has been extracted, although the drilling mud makes it difficult to 
determine groundwater levels accurately at the time of drilling. 

 



D-1

D-2

D-3

D-4

D-5

1
1
3

(4)

9
9
7

(16)

6
6
9

(15)

15
17
23

(40)

23
24
40

(64)

MC
GS
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Sandy SILT with Organics (wood debris), very loose, olive
gray, wet, homogeneous.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

Silty SAND, medium dense, greenish gray, wet,
homogeneous.  HCl not tested.
Recovered: 0.9 ft  Retained: 0.9 ft

SM, MC=15%, LL=NA, PL=NP
Silty SAND, medium dense, greenish gray, wet,
homogeneous.  HCl not tested.
Recovered: 1.1 ft  Retained: 1.1 ft

Silty SAND, dense, gray, moist, homogeneous.  HCl not
tested.
Recovered: 0.8 ft  Retained: 0.8 ft

Silty SAND, very dense, greenish gray, moist,
homogeneous.  HCl not tested.
Recovered: 0.8 ft  Retained: 0.8 ft
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D-636
50/5''
(REF)

MC
GS
AL

ML, MC=16%, PI=2
SILT with sand, very dense, gray, moist, homogeneous,
laminated.  HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft

The implied accuracy of the borehole location
information displayed on this boring log is typically
sub-meter in (X,Y) when collected by the HQ Geotech
Office and sub-centimeter in (X,Y,Z) when collected by
the Region Survey Crew.

End of test hole boring at 21 ft below ground elevation.
This is a summary Log of Test Boring.
Soil/Rock descriptions are derived from visual field
identifications and laboratory test data.
Note: REF = SPT Refusal

Water was at ground surface during drilling.
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D-1

D-2

D-3

D-4

D-5

D-6

D-7

G
roundw

ater readings w
ere taken

from
 09-06-2017 to 05-17-2018

09-06-2017
12-05-2017

5
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(38)
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(4)

MC
GS

MC
GS
AL

MC
GS

Poorly graded SAND with gravel, sub-rounded, dense,
brown, moist, homogeneous.  HCl not tested.
Recovered: 1.2 ft  Retained: 1.1 ft

Silty SAND with gravel, sub-rounded, dense, gray, moist, 
homogeneous.  HCl not tested.
Recovered: 0.9 ft  Retained: 0.8 ft

MC=12%
Silty SAND with gravel and silt lenses, sub-angular, very 
dense, gray, wet, stratified.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

At 7ft, Drilling behavior indicated cobbles.

Poorly graded SAND with gravel, sub-angular, medium
dense, gray, wet, homogeneous.  HCl not tested.
Recovered: 0.2 ft  Retained: 0.2 ft

Poorly graded SAND with gravel and trace wood debris,
sub-angular, loose, gray, wet, homogeneous.  HCl not
tested.
Recovered: 0.3 ft  Retained: 0.3 ft

ML, MC=32%, LL=NA, PL=NP
Sandy SILT, very loose, gray, wet, laminated.  HCl not
tested.
Recovered: 1.5 ft  Retained: 1.4 ft

MC=34%
Silty SAND with organics, very loose, gray, wet, stratified. 
HCl not tested.
Recovered: 1.0 ft  Retained: 1.0 ft
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50/0''
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MC
AL

MC=24%
Silty SAND, loose, gray, wet, homogeneous.  HCl not 
tested.
Recovered: 1.5 ft  Retained: 1.5 ft

Lean CLAY, medium stiff, greenish gray, moist,
homogeneous.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

CL, MC=23%, PI=9
Lean CLAY with sand, very stiff, gray, moist,
homogeneous.  HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft

Lean CLAY with sand, hard, gray, moist, homogeneous.
HCl not tested.
Recovered: 1.4 ft  Retained: 1.4 ft

MC=21%, PI=3
SILT with sand lense, very dense, gray, dry, laminated.
HCl not tested.
Recovered: 1.5 ft  Retained: 1.5 ft
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D-1315
28
45

(73)

Lean CLAY, very hard, gray, dry, laminated.  HCl not
tested.
Recovered: 1.4 ft  Retained: 1.3 ft

A flush mount monument was installed on this boring.

The implied accuracy of the borehole location
information displayed on this boring log is typically
sub-meter in (X,Y) when collected by the HQ Geotech
Office and sub-centimeter in (X,Y,Z) when collected by
the Region Survey Crew.

End of test hole boring at 46.5 ft below ground elevation.
This is a summary Log of Test Boring.
Soil/Rock descriptions are derived from visual field
identifications and laboratory test data.
Note: REF = SPT Refusal

Bail/Recharge test:
Hole Diameter: 4 inches
Depth of boring during bail test: 46.5ft.
Depth of casing during bail test: 45ft.
Water depth before bailing: 3ft.
Bailed bore hole water level to 27ft.
Recharge after 1000 minutes: 11ft.
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D-1

D-2

D-3

D-4

D-5

D-6

D-7

G
roundw

ater readings w
ere taken

from
 09-21-2017 to 05-17-2018

09-21-2017
01-28-2018

5
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(18)
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14
17

(31)
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(20)

5
6
7

(13)

5
7
7

(14)

6
8
6

(14)

2
3
2

(5)

MC
GS

MC
GS

MC
GS
LOI

Well graded SAND with gravel, sub-angular, medium
dense, light brown, dry, homogeneous.
Recovered: 1.2 ft  Retained: 1.2 ft

MC=8%
Silty SAND Changing to Silty SAND with gravel, 
sub-angular, dense, gray, dry, laminated. 
Recovered: 1.2 ft  Retained: 1.2 ft
Silty SAND with gravel, sub-angular, medium dense, 
gray, moist, homogeneous.
Recovered: 1.3 ft  Retained: 1.3 ft

MC=21%
Silty SAND with organics, medium dense, gray, wet, 
homogeneous.
Recovered: 1.0 ft  Retained: 1.0 ft

Poorly graded SAND and organics, medium dense, 
grayish brown, wet, laminated.
Recovered: 1.0 ft  Retained: 1.0 ft

MC=19%, LOI=1.7%
Poorly graded SAND with gravel, sub-angular, medium 
dense, grayish brown, wet, stratified.
Recovered: 1.1 ft  Retained: 1.1 ft

Poorly graded SAND, loose, gray, wet, homogeneous. 
Recovered: 0.8 ft  Retained: 0.8 ft
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(19)

MC
GS

MC
GS
AL
HT
SG
LOI

Poorly graded SAND with gravel, sub-angular, very loose,
gray, wet, homogeneous.
Recovered: 0.2 ft  Retained: 0.2 ft

MC=27%
Silty SAND, loose, grayish brown, wet, stratified. 
Recovered: 1.0 ft  Retained: 1.0 ft

ML, MC=38%, PI=5, LOI=3.8%
SILT with organics, soft, grayish brown, wet,
homogeneous.
Recovered: 1.5 ft  Retained: 1.5 ft

Sandy SILT, loose, gray, wet, homogeneous.
Recovered: 1.5 ft  Retained: 1.5 ft

Silty SAND, medium dense, gray, wet, homogeneous.
Recovered: 0.7 ft  Retained: 0.7 ft
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D-13

D-14

12
17
21

(38)

28
27
31

(58)

MC
GS
AL

SM, MC=14%, LL=NA, PL=NP
Silty SAND, dense, gray, wet, homogeneous.
Recovered: 1.1 ft  Retained: 1.1 ft

Vibrating Wire Piezometer installed at 48.6ft (See
Piezometer Graph) SN:1602238

Silty SAND with gravel, sub-angular, very dense, gray,
wet, homogeneous.
Recovered: 1.4 ft  Retained: 1.4 ft

A flush mount monument was installed on this boring.

The implied accuracy of the borehole location
information displayed on this boring log is typically
sub-meter in (X,Y) when collected by the HQ Geotech
Office and sub-centimeter in (X,Y,Z) when collected by
the Region Survey Crew.

End of test hole boring at 51.5 ft below ground elevation.
This is a summary Log of Test Boring.
Soil/Rock descriptions are derived from visual field
identifications and laboratory test data.
Note: REF = SPT Refusal

Bail/Recharge test:
Hole Diameter: 4 inchs
Depth of boring during bail test: 51.5ft.
Depth of casing during bail test: 50ft.
Water depth before bailing: 7.7ft.
Bailed bore hole water level to 22ft.
Recharge after 1000 minutes: 9ft.
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SPT-1
6
22
15

SPT-2
4
5
6

SPT-3
3
8
8

SPT-4
2
1
2

SPT-5
0
0
0

ST-1

SPT-6

44

44

50

56

44

78

72

Poorly graded GRAVEL with silt and sand, medium dense, brown, moist,
[Fill] (GP-GM)

Silty SAND with gravel, dense, grayish brown, moist, with interbeds/clasts
of lean CLAY (CL), stiff, gray, moist, [FILL] (SM)

Becomes medium dense

Silty SAND, loose, gray, wet, with interbeds/clasts of gray lean CLAY
(CL), becoming yellowish brown with rootlets at 11.5 feet, [Qal] (SM)

Becomes very loose

Sandy elastic SILT, very soft, gray, wet, [Qal] (MH)

SILT with sand, loose, gray, wet, with fibrous PEAT (PT) and ORGANIC
SILT (OL) zones, [Qal] (ML)

MC = 16%
Fines = 33%

MC = 32%

MC = 60%
LL = 53
PL = 33

Fines = 51%

MC = 24%

LOGGED BY Chris Lopez

DRILLING METHOD Mud Rotary

DRILLING CONTRACTOR Gregory Drilling

CHECKED BY H Brenniman

DATE STARTED 6/2/20 COMPLETED 6/3/20 HOLE SIZE 4 inches

STATION (FT) 5702+08.88 OFFSET (FT) 19.2 R

EASTING 1303547.724

DRILL RIG CME 55 ID: #310 SPT HAMMER EFFICIENCY 88%

NOTES

NORTHING 197581.051

GROUND ELEVATION 36.8 ft NAVD88

GW LEVEL (ATD) 10.0 ft / Elev 26.8 ft

(Continued Next Page)
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SILT with sand, loose, gray, wet, with fibrous PEAT (PT) and ORGANIC
SILT (OL) zones, [Qal] (ML) (continued)

Silty GRAVEL with sand, dense, gray, wet, [Qal] (GM)

Sandy SILT, loose, greenish gray, wet, with scattered organics, [Qal] (ML)

Becomes SILT, stiff

LL = NP
PL = NP

MC = 14%

Gravelly drilling at 27
feet

Easier drilling at 32.5
feet

MC = 16%
LL = 16
PL = 15

(Continued Next Page)
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22

Sandy SILT, loose, greenish gray, wet, with scattered organics, [Qal] (ML)
(continued)

Silty GRAVEL with sand, dense, gray, wet, [Qal] (GM)

Sandy SILT, dense, gray, wet, [Qal] (ML)

Silty SAND, very dense, gray, wet, [Qal] (SM)

Bottom of borehole at 51.5 feet.

MC = 14%
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G OF TEST BORING 

S.H. S.R. 405 SECTION 

,le No. MH-1 Sub Section 

:ltion L 9+15 

•pe of Boring Mobile B-61 .. 
' spector .. 

.. 

I 

) 

DOT 

BLOWS 
PROFILE PER FT. 

j 

. 
• 

16 

... 

10 .. 
j 

12 

5 

,. 
I 

10 

FORM Jll 1 •DD3 
REVISED IZ/711 

SAMPLE 
TUBE NOS, 

4 1 ~ STD 
8 PEN 
8. l 
10 

, 

3 STD 
5 PEN 
5 2 
9 , 

2 H STD 
6 PEN 
6 3 
8 

.. 

2 ! STD 
2 PEN 
3 4 
3 

, 

'13c I 

U-1 
D 

I 

3 STD 
5 PEH 
5 5 
5 T 

WASHINGTON STA IE DEPARTMENT OF TRANSPORTATION 

Gypsy Creek Drainage Job No. L-8714 

. Cont. Sec. 1744 

Offset 8ff' Rt.~ Ground El. 27.3' 

Casing W.T. El. 20.5' 

Date ~.larch 28, 1988 Sheet 1 of 2 

DESCRIPTION OF MATERIAL 

ACP to 0.24'. 

Hottled, moist, silty, fine to coarse sandy GRAVEL with cobbles . 

Hedium dense, brown, moist, gravelly, very silty, fine to coarse SAND.· 
Retained 1.0'. 

SM, H,C. = 13.0% 
Loose,· brown, moist, gravelly, very silty, fine to.coarse SAND. 
Retained 0.8'. 

SP/SM, M .• C. = 19.2% · 
Medium dense, brown, moist, silty, fine to medium SAND \Vith trace 
of. organic • Retained 1.0'. 

OL, M.C. = 65.8% 
Loose, gray, wet, silty, fine to medium SAND with one 0.7'.organic, 
oeatv SILT lense. Retained 1.8'. 

Grav. wet siltv fine to medium SAND with oeat and ornanic SILT 
lenses. 

SH, l-1.C. = 11.7% 
Loose, brown, moist, gravelly, very silty, fine to coarse SAND. 
Retained 0.6'. 

Original to Materials Enolneer 
Copy to Brld!ltl Engineer 
Copy to District Administrator 

Copy to ----------

1993 Golder 
Sunset to Coal Creek Parkway Widening



.. 

Hole No. MH-1 Sub Section Gypsy Creek Drainage Sheet __ 2_ of 

BLOWS SAMPLE 
DEPTH PER FT. PROFILE TUBE NOS. DESCRIPTION OF MATERIAL 

3 ~ 
STD ML, M.C. = 19.3% 

11 5 PEN Medium dense, gray, moist, fine sandy SILT with trace of organic. ., 6 6 Retained 1.0'. 
' ,1, . .. 5 

End of boring 22.0' below "round elevation. 

Hole drilled easv. 

25 

. -
This is a summary Log of Test Boring. Soil/Rock descriptions are 
derived from visual field identifications and laboratory test data . 

.. 

• . 

.. . ... 
•''' , . 

.. 

' 

f 

... , - - • IVI 

1993 Golder 
Sunset to Coal Creek Parkway Widening



W-103-20
CPT CONTRACTOR: In Situ Engineering
CUSTOMER: WOOD PLC
LOCATION: RENTON
JOB NUMBER: 20316
COMMENT: I-405 Renton/Bellevue Widening
COMMENT: 

OPERATOR: OKBAY
CONE ID: DDG1369
TEST DATE: 6/16/2020 12:41:23 PM
PREDRILL : 0 ft
BACKFILL: 20% Grout & Bentonite Chips
SURFACE PATCH: N/A

TOTAL DEPTH: 40.354 ft

Depth
(ft)

Tip COR
(tsf)
0 6000

5

10

15

20

25

30

35

40

45

F.Ratio
(%)
0 10

Pore Pressure
(psi)
-10 40

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

SPT
(blows/ft)
0 60

Seismic Velocity
(ft/s)
0 900



W-198CP-20
CPT CONTRACTOR: In Situ Engineering
CUSTOMER: Wood PLC
LOCATION: Renton
JOB NUMBER: PS19203160
COMMENT: Renton/Bellevue Widening
COMMENT: Cone Electronic issue at 10.2 ft

OPERATOR: Okbay
CONE ID: DDG1263
TEST DATE: 9/28/2020 9:21:18 AM
PREDRILL: 0 ft 
BACKFILL: 20% Grout & Bentonite Chips
SURFACE PATCH: Cold Patch

TOTAL DEPTH: 10.466 ft

Depth
(ft)

Tip COR
(tsf)
0 10000

2

4

6

8

10

12

F.Ratio
(%)
0 6

Pore Pressure
(psi)
-10 50

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

SPT
(blows/ft)
0 200

Seismic Velocity
(ft/s)
0 300



HOLE NUMBER: W-198CP-20_Combined 

CPT CONTRACTOR: In Situ Engineering

COMMENT: Renton/Bellevue Widening

LOCATION: Renton

JOB NUMBER: PS19203160

CUSTOMER: 

TEST DATE: 9/28/2020 11:10:41 AM

OPERATOR: Okbay

CONE ID: DDG1263



HOLE NUMBER: W-198CP-20_Combined 
Depth 3.81ft
Ref*

Arrival 10.55mS
Velocity*

Depth 10.47ft
Ref 3.81ft

Arrival 24.14mS
Velocity 267.37ft/S

Depth 13.22ft
Ref 10.47ft

Arrival 31.05mS
Velocity 296.57ft/S

Depth 16.47ft
Ref 13.22ft

Arrival 39.29mS
Velocity 320.33ft/S

Depth 23.00ft
Ref 16.47ft

Arrival 51.87mS
Velocity 456.23ft/S

Depth 29.27ft
Ref 23.00ft

Arrival 60.66mS
Velocity 660.18ft/S

Depth 35.70ft
Ref 29.27ft

Arrival 66.83mS
Velocity 990.15ft/S

Depth 48.52ft
Ref 35.70ft

Arrival 80.35mS
Velocity 919.88ft/S

 0  10  20  30  40  50  60  70  80  90  100 

Depth 50.69ft
Ref 48.52ft

Arrival 82.92mS
Velocity 821.41ft/S

Time (mS)

Hammer to Rod String Distance (ft): 10.60
* = Not Determined

JOB NUMBER: PS19203160



HOLE NUMBER: W-198CP-20

CPT CONTRACTOR: In Situ Engineering

COMMENT: Renton/Bellevue Widening

LOCATION: Renton

JOB NUMBER: PS19203160

CUSTOMER: Wood PLC

TEST DATE: 9/28/2020 9:21:18 AM

OPERATOR: Okbay

CONE ID: DDG1263



HOLE NUMBER: W-198CP-20
Depth 3.81ft
Ref*

Arrival 10.55mS
Velocity*

 0  10  20  30  40  50  60  70  80  90  100 

Depth 10.47ft
Ref 3.81ft

Arrival 24.14mS
Velocity 267.37ft/S

Time (mS)

Hammer to Rod String Distance (ft): 10.60
* = Not Determined

JOB NUMBER: PS19203160



W-198CP-20-A
CPT CONTRACTOR: In Situ Engineering
CUSTOMER: Wood PLC
LOCATION: Renton
JOB NUMBER: PS19203160
COMMENT: Renton/Bellevue Widening
COMMENT: Data 0 -10.4ft not valid,it's rentry to W-198cp-20

OPERATOR: Okbay
CONE ID: DDG1263
TEST DATE: 9/28/2020 11:10:41 AM
PREDRILL: 0 ft 
BACKFILL: 20% Grout & Bentonite Chips
SURFACE PATCH: Cold Patch

TOTAL DEPTH: 50.689 ft

Depth
(ft)

Tip COR
(tsf)
0 5000

10

20

30

40

50

60

F.Ratio
(%)
0 10

Pore Pressure
(psi)
-50 300

SBT FR
(RC 1983)

 1   sensitive fine grained   
 2      organic material      
 3            clay            

 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  

*SBT/SPT CORRELATION: UBC-1983

0 12

SPT
(blows/ft)
0 120

Seismic Velocity
(ft/s)
0 1000



HOLE NUMBER: W-198CP-20-A

CPT CONTRACTOR: In Situ Engineering

COMMENT: Renton/Bellevue Widening

LOCATION: Renton

JOB NUMBER: PS19203160

CUSTOMER: Wood PLC

TEST DATE: 9/28/2020 11:10:41 AM

OPERATOR: Okbay

CONE ID: DDG1263



HOLE NUMBER: W-198CP-20-A
Depth 13.22ft
Ref*

Arrival 31.05mS
Velocity*

Depth 16.47ft
Ref 13.22ft

Arrival 39.29mS
Velocity 320.33ft/S

Depth 23.00ft
Ref 16.47ft

Arrival 51.87mS
Velocity 456.23ft/S

Depth 29.27ft
Ref 23.00ft

Arrival 60.66mS
Velocity 660.18ft/S

Depth 35.70ft
Ref 29.27ft

Arrival 66.83mS
Velocity 990.15ft/S

Depth 48.52ft
Ref 35.70ft

Arrival 80.35mS
Velocity 919.88ft/S

 0  10  20  30  40  50  60  70  80  90  100 

Depth 50.69ft
Ref 48.52ft

Arrival 82.92mS
Velocity 821.41ft/S

Time (mS)

Hammer to Rod String Distance (ft): 10.60
* = Not Determined

JOB NUMBER: PS19203160
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Appendix C – Laboratory testing procedures and results 
This appendix describes procedures associated with the laboratory tests Wood assigned for this project. Geotechnical 
laboratory testing was performed by a local, accredited geotechnical testing laboratory, subcontracted to Wood. Results of 
certain laboratory tests are enclosed in this appendix. 

Visual classification procedures 
Visual soil classifications were conducted on all samples in the field and on selected samples in the laboratory. All soils were 
classified in general accordance with the Unified Soil Classification System, which includes color, relative moisture content, 
primary soil type (based on grain size), and any accessory soil types. The resulting soil classifications are presented on the 
exploration logs contained in Appendix B. 

Moisture content determination procedures 
Moisture content determinations were performed on representative samples to aid in identification and correlation of soil types. 
All determinations were made in general accordance with ASTM D-2216. The results of these tests are shown on the 
exploration logs contained in Appendix B. 

Grain-size analysis procedures 
A grain-size analysis indicates the range of soil particle diameters included in a particular sample. Grain-size analyses were 
performed on representative samples in general accordance with ASTM D-422. The results of these tests are presented on the 
enclosed grain-size distribution graphs and were used in soil classifications shown on the exploration logs contained in 
Appendix B. 

Atterberg limit determination procedures 
Atterberg limits are used primarily for classifying and indexing cohesive soils. The liquid and plasatic limits, which are defined 
as the moisture contents of a cohesive soil at arbitrarily established limits for liquid and plastic behavior, were determined for 
selected samples in general accordance with ASTM D-4318. The results of these tests are presented on the enclosed Atterberg 
limit graphs and on the boring logs contained in Appendix B. 

No. “200-Wash” analysis procedures 
A “200-wash” is a procedure in which the fine-grained soil fraction is seprated from the sand and gravel by washing the soil on 
a U.S. No. 200 sieve. A “200-wash” analysis was performed on selected soil samples obtained from our explorations in general 
accordance with ASTM D-1140. The results of these analyses is presented in the enclosed grain size graphs and were used in 
our soil classifications shown on the exploration logs contained in Appendix B.  

Organic content procedures 
The organic content of soil sample (B-7, S-2 collected at 10 feet below ground surface) was determined in accordance with 
ASTM D2974-14, Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other Organic Soils, Test 
Method C (440 degrees Celsius). The result of testing is shown on the exploration logs in Appendix B. 
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W-080-20,S-2 5.0 6.5 6.4 SM Olive-brown, silty SAND

W-080-20,S-4 10.0 11.5 29.7 29 24 5 0.1 8.2 91.6 ML Olive-brown, SILT

W-080-20,S-5 15.0 16.5 13.6 3.6 41.9 54.4 ML Olive-brown, sandy SILT

W-095-20,S-1 2.5 4.0 38.9 ML Dark gray, SILT with organics

W-095-20,S-2 5.0 6.5 29.4 NP NP NP SM Dark gray, silty SAND

W-095-20,S-5 15.0 16.5 20.2 1.0 67.9 31.1 SM Dark gray, silty SAND

W-095-20,S-7 25.0 26.5 6.3 GM Grayish-brown, silty GRAVEL with sand

W-095-20,S-9 35.0 36.5 16.7 SM Dark grayish-brown, silty SAND

W-095-20,S-11 45.0 46.5 19.5 SM Olive-brown, silty SAND

W-095-20,S-12 50.0 51.5 38.2 66 28 38 CH Gray, fat CLAY

W-095-20,S-13 55.0 56.5 11.8 SM Grayish-brown, silty SAND with gravel

W-101vw-20,S-2 5.0 6.5 7.5 SM Gray, silty SAND

W-101vw-20,S-4 10.0 11.5 12.0 SM Grayish-brown, silty SAND

W-101vw-20,S-5 15.0 16.5 18.7 0.2 96.5 3.3 SP Dark gray, poorly graded SAND

W-101vw-20,S-7 25.0 26.5 24.2 NP NP NP 28.4 SM Dark gray, silty SAND

W-101vw-20,S-9 35.0 36.5 25.3 SM Grayish-brown, silty SAND with gravel

W-101vw-20,S-10 40.0 41.5 24.7 ML Grayish-brown, SILT

W-102-20,S-2 5.0 6.5 16.2 15.5 51.7 32.8 SM Grayish-brown, silty SAND with gravel

W-102-20,S-4 10.0 11.5 32.3 SM Dark grayish-brown, silty SAND

W-102-20,S-5 15.0 16.5 59.7 53 33 20 51.4 MH Grayish-brown, sandy elastic SILT
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1. This table summarizes information presented elsewhere in the report and should be used in conjunction with the report test, other graphs and tables, and the exploration logs.

2. The soil classifications in this table are based on ASTM D2487 and D2488 as applicable.
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W-102-20,S-6 19.5 21.0 23.8 NP NP NP SM Dark grayish-brown, silty SAND

W-102-20,S-7 25.0 26.5 13.7 SM Grayish-brown, silty SAND with gravel

W-102-20,S-10 40.0 41.5 16.0 16 15 1 ML Gray, SILT

W-102-20,S-11 45.0 46.5 13.9 ML Grayish-brown, sandy SILT with gravel

W-137-20,S-2 5.0 6.5 16.7 ML Light olive-brown, SILT

W-137-20,S-3 7.5 9.0 24.5 32 21 11 CL Olive-brown, lean CLAY

W-137-20,S-4 12.0 13.5 28.5 27 25 2 ML Olive-brown, SILT

W-137-20,S-5 15.0 16.5 26.3 ML Light olive-brown, SILT with sand

W-137-20,S-7A 24.5 25.5 20.4 SM Olive-brown, silty SAND

W-140-20,S-2 5.0 6.5 25.6 50 27 23 CH Olive-brown, fat CLAY

W-140-20,S-4 10.0 11.5 39.7 ML Light olive-brown, SILT

W-140-20,S-5 15.0 16.5 42.0 70 39 31 MH Olive-brown, elastic SILT

W-140-20,S-7 25.0 26.5 30.0 CL Gray, lean CLAY

W-146-20,S-1 2.5 4.0 10.2 SM Grayish-brown, silty SAND

W-146-20,S-5 15.0 16.5 15.7 3.2 51.3 45.5 SM Grayish-brown, silty SAND

W-146-20,S-7 25.0 26.5 19.3 SM Grayish-brown, silty SAND with gravel

W-147-20,S-2 5.0 6.5 27.6 37 28 9 ML Gray, SILT

W-147-20,S-4 10.0 11.5 27.8 31 27 4 ML Gray, SILT with sand

W-147-20,S-6 19.5 21.0 35.9 CL Gray, lean CLAY

W-147-20,S-8 30.0 31.5 38.8 84 31 53 CH Gray, fat CLAY
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1. This table summarizes information presented elsewhere in the report and should be used in conjunction with the report test, other graphs and tables, and the exploration logs.

2. The soil classifications in this table are based on ASTM D2487 and D2488 as applicable.
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

Figure

Source of Sample: W-102-20 Depth: 18.0 Sample Number: ST-1 110 C

ORGANIC SOIL 270 168 102 NT NT OH

19434-02

Organic Content by ASTM
D2974, Method C = 35%
Moisture Content by ASTM
D2216 = 191%

I-405 Renton to Bellevue



Depth

(ft) Before After LL PL PI

18.0' 190 81 270 168 102 Organic Soil

σ
'vo

(psf) Casagrande Height (inches) 1.00

1350 2300 Diameter (inches) 2.50

Weight (ounces) 3.35

Total Unit Weight (pcf) 73.67

Degree of Saturation (%) 99.20

Void Ratio (e0) 3.552

Job Number: 19434-02 7/17/2020

Figure

OH

Initial Specimen Properties

I-405 Renton to Bellevue
Seattle, WA

Description USCS

W.C. (%) Atterberg Limits

Preconsolidation Pressure (psf)

Strain Energy

Sample Quality Designation

3500

Axial strain and coefficient of consolidation versus logarithm 
of vertical effective stress for  W-102-20 ST-1 CRS

Sample Preparation and Comments:

The specimen test was an intact soil sample which was extracted from the 

sampling tube by cutting and delaminating a section of the sample tube. The test 

was run with a room temperature between 71 and 73 degrees Farenheit.  Note:  

Apparent gap in Cv plot coincides with 24‐hour creep stage.

Terzaghi et al. (1996)

D Very poor

Lunne et al. (1997)
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D Very poor

Sample Preparation and Comments:

The specimen test was an intact soil sample which was extracted from the 

sampling tube by cutting and delaminating a section of the sample tube. The test 

was run with a room temperature between 71 and 73 degrees Farenheit.  Note:  

Apparent gap in Cv plot coincides with 24‐hour creep stage.
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Void ratio and coefficient of consolidation versus logarithm of 
vertical effective stress for  W-102-20 ST-1 CRS
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Apparent gap in Cv plot coincides with 24‐hour creep stage.
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Sample Preparation and Comments:

The specimen test was an intact soil sample which was extracted from the 

sampling tube by cutting and delaminating a section of the sample tube. The test 

was run with a room temperature between 71 and 73 degrees Farenheit.  Note:  

Apparent gap in Cv plot coincides with 24‐hour creep stage.

I-405 Renton to Bellevue
Seattle, WA

Axial strain, void ratio, and coefficient of consolidation versus 
logarithm of vertical effective stress for  W-102-20 ST-1 CRS
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Sample Preparation and Comments:

The specimen test was an intact soil sample which was extracted from the 

sampling tube by cutting and delaminating a section of the sample tube. The test 

was run with a room temperature between 71 and 73 degrees Farenheit.  Note:  

Apparent gap in Cv plot coincides with 24‐hour creep stage.
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Appendix D – ESU Soil Properties  
This appendix describes procedures associated with the assignment of soil properties based on laboratory tests, field 
exploration, and soil property methodology. The data from the borehole logs and laboratory tests were imported into our 
spreadsheet and associated (N1)60 values were calculated.  

Stratigraphic unit grouping 
Geologic strata as defined in Section 5.2 of the Project GDM were identified based on review of the available borehole logs, 
laboratory testing and published geologic maps. Geologic cross sections were initially developed using the interpreted geologic 
strata. A geotechnical engineer then assigned Engineering Stratigraphic Units (ESUs) based on review of the geologic cross 
sections, grouping geologic strata with similar engineering properties.  

Evaluate Statistical Analysis 
The (N1)60 parameters were accumulated for each ESU. The average, geomean, and standard deviation were calculated for 
(N1)60. The blow count values were evaluated for outliers that are associated with mislabeling, testing errors, and statistics. The 
outliers were either reassigned to another ESU, remained in the statistical evaluation, or were removed from the statistical 
valuation. The blow counts vs depth chart, standard deviations, and covariance were utilized to make these assessments. The 
covariance was verified to be between 15 and 45 percent per the LRFD Bridge Design Specifications (AASHTO 2017).  

Review Soil Property Values  
Soil properties were assigned per the Geotechnical Soil Properties Methodology report (Wood 2020b). 

In most cases, the effective friction angle was assigned to the ESU group in accordance with Table 5-1 in the Project GDM 
using the average (N1)60 value. Within the range of values presented in Table 5-1, information on the fines content and soil 
plasticity was also considered to assign the effective friction angle. Values at or near the upper limit of Table 5-1 were selected 
when fines content was determined as below 5 percent passing U.S. sieve No.200. Values at or near the lower limit were 
selected for soil with “significant” fines, taken as soil with fines content greater than 30 percent passing US No.200 sieve, 
based on the 2014 Caltrans Geotechnical Manual. For samples where the fines content was between 5 and 30 percent, 
interpolation was used between the upper and lower limit to select the effective friction angle. For low plasticity fine grained 
material, material with a plasticity index less than 5, Table 5-1 was used to determine the effective friction angle using lower 
limit in comparison with the value that was derived based on the plasticity index value as referenced in the Geotechnical Soil 
Properties Methodology report (Wood 2020b). In circumstances where the ESU has high covariance and outside the soil 
parameters for the referenced volume of Engineering Geology in Washington, then the lower or higher value will be chosen. 

The unit weight for each ESU was determined based on the Caltrans (2014) method of USCS classification with blow counts. 
The value for unit weight was compared to the ranges in Coduto (2001) and the Project GDM for verification. If the unit 
weight is outside the range of the reference documents, then the value will be adjusted to fit within the range. 

Other soil engineering properties were determined based on results of Cone Penetrometer Test probes, laboratory testing and 
correlations as described in the Geotechnical Soil Properties Methodology report (Wood 2020b). 
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Tab Description
Summary Input available information on historic boring log ID, location, elevation, drill rig ID and hammer efficiency
Summary Correct to NAVD88 vertical datum

Samples Input each SPT sample and 6‐inch interval blow count; formula calculates N Field
Samples Input available lab test data and USCS classification from Lab
Samples For R2B borings, this is all listed in Table B‐1 of the GDR
Samples Use lab data and boring log information to estimate USCS for all samples

Calc (N1)60 Input for other fields in yellow highlight
Calc (N1)60 Use Coduto (2001) to estimate Unit weight for all samples (Unless we have Unit weight measurements)
Calc (N1)60 Use GDM to estimate Unit weight for organic / peat samples (Unless we have Unit weight measurements)
Calc (N1)60 Assign ESUs based on SPM for borings being used for specific structure design

ESU 1, 2, etc. 1 ‐ List data with (N1)60 values; give justification for deleting any values. Find Average, Std Deviation, Geomean.
ESU 1, 2, etc. 2 ‐ Check COV is within limits (15 to 45% for N values); consider if ESU needs subdividing or if OK.
ESU 1, 2, etc. 3 ‐ Plot Histogram and visually compare to GEOMEAN.
ESU 1, 2, etc. 4 ‐ Correlate (N1)60 with friction angle; use average unless other factors. Select design friction angle.
ESU 1, 2, etc. 5 ‐ Assign predominent USCS classification for ESU.
ESU 1, 2, etc. 6 ‐ Select design unit weight. Use CALTRANS, Chart 2 (2014) and correlate with Table 3.2 Coduto (2001).
ESU 1, 2, etc. 7, 8, etc. (if needed) Select/assign other soil properties for ESUs per I‐405 Soil Property Methodology report.

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.



PointID Hole Depth Elevation Date Start Date End Hole Size Method Equipment Historical Efficiency
R2B‐S14‐17 20 28.5 10/24/17 10/25/17 4 Chop/Wash Tri‐Pod 60
R2B‐S15p‐17 46.5 36.3 09/06/17 09/07/17 4 Casing Advancer CME 45C 88
R2B‐S16vw‐17 51.5 34.4 08/29/17 08/30/17 4 Casing Advancer CME 45C 88
W‐102‐20 51.5 36.8 6/2/2020 6/3/2020 4 Mud Rotary CME 55 ID: #310 88
MH‐1 22 30.9 03/28/88 03/28/88 4 HSA Mobile B‐61 60

BOREHOLE SUMMARY



1 2 3 1 2 3

Liquid 
Limit

Plastic 
Limit

Plasticity 
Index

% 
Gravel % Sand

Fines 
Content 
From Lab % Silt % Clay

R2B‐S14‐17 WSDOT R2B 4 D‐1 1 1 3 6 6 6 4 ML ML ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S14‐17 WSDOT R2B 7.5 D‐2 9 9 7 6 6 6 16 SM SM ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S14‐17 WSDOT R2B 10 D‐3 6 6 9 6 6 6 15 SM Silty SAND (SM) SM 15 NA NP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 51.9 36.1 ‐‐ ‐‐ ‐‐
R2B‐S14‐17 WSDOT R2B 12 D‐4 15 17 23 6 6 6 40 SM SM ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S14‐17 WSDOT R2B 15 D‐5 23 24 40 6 6 6 64 SM SM ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S14‐17 WSDOT R2B 20 D‐6 36 50 6 6 100 ML SILT with sand (ML) ML 16 19 17 2 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 26.7 72.4 ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 1 D‐1 5 16 22 6 6 6 38 SP SP ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 2.5 D‐2 5 10 19 6 6 6 29 SM SM ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 5 D‐3 18 34 39 6 6 6 73 SM Silty SAND with gravel and silt lenses SM 12 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 65.4 16.7 ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 7.5 D‐4 7 10 8 6 6 6 18 SP SP ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 10 D‐5 6 5 2 6 6 6 7 SP SP ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 12.5 D‐6 1 1 2 6 6 6 3 ML Sandy SILT (ML) ML 32 NA NP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 44.1 55.9 ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 15 D‐7 1 2 2 6 6 6 4 SM Silty SAND with organics SM 34 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 56.2 43.3 ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 20 D‐8 2 4 3 6 6 6 7 SM Silty SAND SM 24 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 65.5 34.2 ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 25 D‐9 1 2 4 6 6 6 6 CL CL ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 30 D‐10 5 8 14 6 6 6 22 CL Lean CLAY with sand (CL) CL 23 28 19 9 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 17.9 81.7 ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 35 D‐11 5 14 23 6 6 6 37 CL CL ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 40 D‐12 10 27 50 6 6 6 77 ML SILT with sand lense ML 21 21 18 3 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S15p‐17 WSDOT R2B 45 D‐13 15 28 45 6 6 6 73 CL CL ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 0 D‐1 5 6 12 6 6 6 18 SW SW ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 2.5 D‐2 11 14 17 6 6 6 31 SW SW ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 5 D‐3 9 9 11 6 6 6 20 SM SM ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 7.5 D‐4 5 6 7 6 6 6 13 SM Silty SAND with organics SM 21 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 83 13.4 ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 10 D‐5 5 7 7 6 6 6 14 SP SP ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 12.5 D‐6 6 8 6 6 6 6 14 SP Poorly graded SAND with gravel (SP) SP 19 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 79.9 2.7 ‐‐ ‐‐ 1.7
R2B‐S16vw‐17 WSDOT R2B 15 D‐7 2 3 2 6 6 6 5 SP SP ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 20 D‐8 2 2 2 6 6 6 4 SP SP ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 25 D‐9 3 4 5 6 6 6 9 SM Silty SAND SM 27 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 77.4 22 ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 30 D‐10 0 1 2 6 6 6 3 ML SILT with organics (ML) ML 38 30 25 5 109 ‐‐ ‐‐ 2.65 2.65 5.1 94.9 ‐‐ ‐‐ 3.8
R2B‐S16vw‐17 WSDOT R2B 35 D‐11 1 2 3 6 6 6 5 ML ML ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 40 D‐12 5 8 11 6 6 6 19 SM SM ‐‐ ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 45 D‐13 12 17 21 6 6 6 38 SM Silty SAND (SM) SM 14 NA NP ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 54.3 34.4 ‐‐ ‐‐ ‐‐
R2B‐S16vw‐17 WSDOT R2B 50 D‐14 28 27 31 6 6 6 58 SM SM ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 2.5 SPT‐1 6 22 15 6 6 6 37 SM SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 5 SPT‐2 4 5 6 6 6 6 11 SM SM 16 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 15.5 51.7 32.8 ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 7.5 SPT‐3 3 8 8 6 6 6 16 SM SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 10 SPT‐4 2 1 2 6 6 6 3 SM SM 32 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 15 SPT‐5 0 0 0 6 6 6 0 MH Elastic SILT (MH) MH 60 53 33 21 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 51.4 ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 17.5 ST‐1 OH Organic SOIL OH 190 270 168 102 74 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 19.5 SPT‐6 0 5 5 6 6 6 10 ML ML 24 0 0 0 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 25 SPT‐7 11 10 15 6 6 6 25 GM GM 14 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 30 SPT‐8 7 20 17 6 6 6 37 GM GM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 35 SPT‐9 6 6 9 6 6 6 15 ML ML ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 40 SPT‐10 7 7 3 6 6 6 10 ML ML 16 16 15 2 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 45 SPT‐11 3 19 23 6 6 6 42 ML ML ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD 50 SPT‐12 17 28 28 6 6 6 56 SM SM ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 5 SPT‐1 4 8 8 6 6 6 16 SM SM 8 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 7.5 SPT‐2 3 5 5 6 6 6 10 SM SM 13 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 10 SPT‐3 2 6 6 6 6 6 12 SP‐SM SP‐SM 19 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 12.5 SPT‐4 2 2 3 6 6 6 5 OL OL 66 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 15 U‐1 OL OL ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 17.5 SPT‐5 3 5 5 6 6 6 10 SM SM 12 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
MH‐1 Historic 20 SPT‐6 3 5 6 6 6 6 11 ML ML 19 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Notes:
1. Blank cells in the Blow Counts and Length columns signify that eiter no SPT was performed, that refusal was encountered, or that only an overall "blows per foot" N value was recorded.
 ‐‐ = not tested

Water 
Content 
(%)

Atterberg LimitsPointID
(Historic,

WSDOT R2B,
WOOD)

Length1

Field N
USCS 

from Lab Lab Description
Estimated 

USCS

SAMPLE SUMMARY

Estimated 
Total Unit 
Weight 
(pcf)

Dry 
Density 
(pcf)

Specific 
Gravity

Sieve analysis

% 
Organics

Total Wet 
Unit 

WeightPointID

Top 
Depth 
(ft)

Sample 
Number

Blow Counts1



Field
SPT

Sampler Type 
(spt = standard 
penetrometer 
w/ 1.375‐inch 

I.D., m = 
Modified 
California)

Samplers 
Have Space 
for Liners 
But didn't 

Use?

Borehole 
Diameter (in)

CR, Rod 
Length 

Correction 
Factor

Cs, 
Sampling 
Method 

Correction 
Factor

CS, 
Correction 
for Sampler 
without 
Liners

Hammer 
efficiency 

(%)

CE, Energy 
Ratio 

Correction

CB, Boring 
Dia 

Correction

N60, 
Blowcount 

Corrected for 
All Factors 
except 

Overburden

Groundwater 
Depth (ft)

Avg Unit Wt of 
Sample (pcf)       
[or corrleation 
based on Coduto 
and USCS info or 
GDM for Peats]

Total 
Overburden 
Stress (psf)

Effective 
Overburden 
Stress (psf)

CN, Over‐
burden 

Correction 
(Eq 41, Idriss 
& Boulanger, 

20082) = 
(pa/σvo')^0.5 

(N1)60, 
Corrected 
Blowcount 
for All 
Factors

Limit (N1)60 
to 46

CN, Over‐
burden 

Correction 
(Eq 39, Idriss 
& Boulanger, 

20082) = 
f(N1)60 

(N1)60, 
Corrected 
Blowcount 
for All 
Factors 

refined for 
relative 
density 

Estimated 
USCS 

Classification

N Sampler Type (y/n) CR Cs CS ER(%) CE CB N60 gwt (ft) γ (pcf) σ (psf) σ' (psf) CN (N1)60
Limit (N1)60 

to 46
CN refined

(N1)60 
refined

USCS

R2B‐S14‐17 WSDOT R2B 4.0 D‐1 4 SPT n 4 0.75 1 1.0 60 1.00 1.00 3 93 372.0 372.0 1.7 5 5 1.7 5 ML 2C
R2B‐S14‐17 WSDOT R2B 7.5 D‐2 16 SPT n 4 0.8 1 1.0 60 1.00 1.00 13 108 750.0 750.0 1.7 21 21 1.6 20 SM 3A
R2B‐S14‐17 WSDOT R2B 10.0 D‐3 15 SPT n 4 0.85 1 1.0 60 1.00 1.00 13 108 1020.0 1020.0 1.4 18 18 1.4 18 SM 3A
R2B‐S14‐17 WSDOT R2B 12.0 D‐4 40 SPT n 4 0.85 1 1.0 60 1.00 1.00 34 108 1236.0 1236.0 1.3 44 44 1.2 39 SM 4A
R2B‐S14‐17 WSDOT R2B 15.0 D‐5 64 SPT n 4 0.95 1 1.0 60 1.00 1.00 61 108 1560.0 1560.0 1.2 71 46 1.1 66 SM 4A
R2B‐S14‐17 WSDOT R2B 20.0 D‐6 100 SPT n 4 0.95 1 1.0 60 1.00 1.00 95 93 2025.0 2025.0 1.0 97 46 1.0 96 ML 4E
R2B‐S15p‐17 WSDOT R2B 0.0 D‐1 38 SPT n 4 0.75 1 1.0 88 1.47 1.00 42 7.29 110 0.0 0.0 1.0 42 42 1.0 42 SP 1B
R2B‐S15p‐17 WSDOT R2B 2.5 D‐2 29 SPT n 4 0.75 1 1.0 88 1.47 1.00 32 7.29 108 270.0 270.0 1.7 54 46 1.7 54 SM 1B
R2B‐S15p‐17 WSDOT R2B 5.0 D‐3 73 SPT n 4 0.8 1 1.0 88 1.47 1.00 86 7.29 108 540.0 540.0 1.7 146 46 1.4 123 SM 1B
R2B‐S15p‐17 WSDOT R2B 7.5 D‐4 18 SPT n 4 0.8 1 1.0 88 1.47 1.00 21 7.29 128 860.0 846.9 1.6 33 33 1.4 29 SP 1B
R2B‐S15p‐17 WSDOT R2B 10.0 D‐5 7 SPT n 4 0.85 1 1.0 88 1.47 1.00 9 7.29 128 1180.0 1010.9 1.4 13 13 1.5 13 SP 3A
R2B‐S15p‐17 WSDOT R2B 12.5 D‐6 3 SPT n 4 0.85 1 1.0 88 1.47 1.00 4 7.29 105 1442.5 1117.4 1.4 5 5 1.5 5 ML 2C
R2B‐S15p‐17 WSDOT R2B 15.0 D‐7 4 SPT n 4 0.95 1 1.0 88 1.47 1.00 6 7.29 125 1755.0 1273.9 1.3 7 7 1.3 8 SM 2C
R2B‐S15p‐17 WSDOT R2B 20.0 D‐8 7 SPT n 4 0.95 1 1.0 88 1.47 1.00 10 7.29 125 2380.0 1586.9 1.2 11 11 1.2 11 SM 3A
R2B‐S15p‐17 WSDOT R2B 25.0 D‐9 6 SPT n 4 0.95 1 1.0 88 1.47 1.00 8 7.29 103 2895.0 1789.9 1.1 9 9 1.1 9 CL 3E
R2B‐S15p‐17 WSDOT R2B 30.0 D‐10 22 SPT n 4 1 1 1.0 88 1.47 1.00 32 7.29 103 3410.0 1992.9 1.0 33 33 1.0 33 CL 4E
R2B‐S15p‐17 WSDOT R2B 35.0 D‐11 37 SPT n 4 1 1 1.0 88 1.47 1.00 54 7.29 103 3925.0 2195.9 1.0 53 46 1.0 54 CL 4E
R2B‐S15p‐17 WSDOT R2B 40.0 D‐12 77 SPT n 4 1 1 1.0 88 1.47 1.00 113 7.29 105 4450.0 2408.9 0.9 106 46 1.0 109 ML 4E
R2B‐S15p‐17 WSDOT R2B 45.0 D‐13 73 SPT n 4 1 1 1.0 88 1.47 1.00 107 7.29 103 4965.0 2611.9 0.9 96 46 0.9 101 CL 4E
R2B‐S16vw‐17 WSDOT R2B 0.0 D‐1 18 SPT n 4 0.75 1 1.0 88 1.47 1.00 20 5.67 115 0.0 0.0 1.0 20 20 1.0 20 SW 1B
R2B‐S16vw‐17 WSDOT R2B 2.5 D‐2 31 SPT n 4 0.75 1 1.0 88 1.47 1.00 34 5.67 115 287.5 287.5 1.7 58 46 1.7 58 SW 1B
R2B‐S16vw‐17 WSDOT R2B 5.0 D‐3 20 SPT n 4 0.8 1 1.0 88 1.47 1.00 24 5.67 108 557.5 557.5 1.7 40 40 1.5 35 SM 1B
R2B‐S16vw‐17 WSDOT R2B 7.5 D‐4 13 SPT n 4 0.8 1 1.0 88 1.47 1.00 15 5.67 125 870.0 755.8 1.7 26 26 1.5 23 SM 2B‐1
R2B‐S16vw‐17 WSDOT R2B 10.0 D‐5 14 SPT n 4 0.85 1 1.0 88 1.47 1.00 18 5.67 128 1190.0 919.8 1.5 27 27 1.4 24 SP 2B‐1
R2B‐S16vw‐17 WSDOT R2B 12.5 D‐6 14 SPT n 4 0.85 1 1.0 88 1.47 1.00 18 5.67 128 1510.0 1083.8 1.4 24 24 1.3 23 SP 2B‐1
R2B‐S16vw‐17 WSDOT R2B 15.0 D‐7 5 SPT n 4 0.95 1 1.0 88 1.47 1.00 7 5.67 128 1830.0 1247.8 1.3 9 9 1.3 9 SP 3A
R2B‐S16vw‐17 WSDOT R2B 20.0 D‐8 4 SPT n 4 0.95 1 1.0 88 1.47 1.00 6 5.67 128 2470.0 1575.8 1.2 6 6 1.2 7 SP 3A
R2B‐S16vw‐17 WSDOT R2B 25.0 D‐9 9 SPT n 4 0.95 1 1.0 88 1.47 1.00 13 5.67 125 3095.0 1888.8 1.1 13 13 1.1 13 SM 3A
R2B‐S16vw‐17 WSDOT R2B 30.0 D‐10 3 SPT n 4 1 1 1.0 88 1.47 1.00 4 5.67 105 3620.0 2101.8 1.0 4 4 1.0 4 ML 3E
R2B‐S16vw‐17 WSDOT R2B 35.0 D‐11 5 SPT n 4 1 1 1.0 88 1.47 1.00 7 5.67 105 4145.0 2314.8 1.0 7 7 0.9 7 ML 3E
R2B‐S16vw‐17 WSDOT R2B 40.0 D‐12 19 SPT n 4 1 1 1.0 88 1.47 1.00 28 5.67 125 4770.0 2627.8 0.9 25 25 0.9 26 SM 4A
R2B‐S16vw‐17 WSDOT R2B 45.0 D‐13 38 SPT n 4 1 1 1.0 88 1.47 1.00 56 5.67 125 5395.0 2940.8 0.8 47 46 0.9 51 SM 4A
R2B‐S16vw‐17 WSDOT R2B 50.0 D‐14 58 SPT n 4 1 1 1.0 88 1.47 1.00 85 5.67 125 6020.0 3253.8 0.8 69 46 0.9 76 SM 4A
W‐102‐20 WOOD 2.5 SPT‐1 37 SPT n 4 0.75 1 1.0 88 1.47 1.00 41 10 108 270.0 270.0 1.7 69 46 1.7 69 SM 1B
W‐102‐20 WOOD 5.0 SPT‐2 11 SPT n 4 0.8 1 1.0 88 1.47 1.00 13 10 108 540.0 540.0 1.7 22 22 1.7 22 SM 1B
W‐102‐20 WOOD 7.5 SPT‐3 16 SPT n 4 0.8 1 1.0 88 1.47 1.00 19 10 108 810.0 810.0 1.6 30 30 1.4 27 SM 2B‐1
W‐102‐20 WOOD 10.0 SPT‐4 3 SPT n 4 0.85 1 1.0 88 1.47 1.00 4 10 125 1122.5 1122.5 1.4 5 5 1.5 5 SM 3A
W‐102‐20 WOOD 15.0 SPT‐5 0 SPT n 4 0.95 1 1.0 88 1.47 1.00 0 10 103 1637.5 1325.5 1.3 0 0 1.4 0 MH 2C
W‐102‐20 WOOD 19.5 SPT‐6 10 SPT n 4 0.95 1 1.0 88 1.47 1.00 14 10 105 2110.0 1517.2 1.2 16 16 1.2 16 ML 3A
W‐102‐20 WOOD 25.0 SPT‐7 25 SPT n 4 0.95 1 1.0 88 1.47 1.00 35 10 133 2841.5 1905.5 1.1 37 37 1.0 36 GM 3A
W‐102‐20 WOOD 30.0 SPT‐8 37 SPT n 4 1 1 1.0 88 1.47 1.00 54 10 133 3506.5 2258.5 1.0 53 46 1.0 53 GM 3A
W‐102‐20 WOOD 35.0 SPT‐9 15 SPT n 4 1 1 1.0 88 1.47 1.00 22 10 105 4031.5 2471.5 0.9 20 20 0.9 21 ML 3E
W‐102‐20 WOOD 40.0 SPT‐10 10 SPT n 4 1 1 1.0 88 1.47 1.00 15 10 105 4556.5 2684.5 0.9 13 13 0.9 13 ML 3E
W‐102‐20 WOOD 45.0 SPT‐11 42 SPT n 4 1 1 1.0 88 1.47 1.00 62 10 105 5081.5 2897.5 0.9 53 46 0.9 57 ML 4E
W‐102‐20 WOOD 50.0 SPT‐12 56 SPT n 4 1 1 1.0 88 1.47 1.00 82 10 125 5706.5 3210.5 0.8 67 46 0.9 74 SM 4E
MH‐1 Historic 5.0 SPT‐1 16 SPT n 4 0.8 1 1.0 60 1.00 1.00 13 6.8 108 540.0 540.0 1.7 22 22 1.7 22 SM 3A
MH‐1 Historic 7.5 SPT‐2 10 SPT n 4 0.8 1 1.0 60 1.00 1.00 8 6.8 125 852.5 808.8 1.6 13 13 1.6 13 SM 3A
MH‐1 Historic 10.0 SPT‐3 12 SPT n 4 0.85 1 1.0 60 1.00 1.00 10 6.8 127 1170.0 970.3 1.5 15 15 1.5 15 SP‐SM 3A
MH‐1 Historic 12.5 SPT‐4 5 SPT n 4 0.85 1 1.0 60 1.00 1.00 4 6.8 80 1370.0 1014.3 1.4 6 6 1.5 7 OL 2C
MH‐1 Historic 17.5 SPT‐5 10 SPT n 4 0.95 1 1.0 60 1.00 1.00 10 6.8 125 1995.0 1327.3 1.3 12 12 1.3 12 SM 3A
MH‐1 Historic 20.0 SPT‐6 11 SPT n 4 0.95 1 1.0 60 1.00 1.00 11 6.8 105 2257.5 1433.8 1.2 13 13 1.2 13 ML 2C

Notes:
1. Yellow highlighting indicates fields where input data was required; green highlighting indicates samples for which no SPT blow counts were recorded, and consequently columns related to blowcounts are not filled in.
2. Source: Idriss, I.M. and R.W. Boulanger. 2008. Soil Liquefaction During Earthquakes.  Earthquake Engineering Research Institute.

STANDARD PENETRATION TEST DATA 1

PointID

Sample 
Top
Depth
(ft)

PointID
(Historic,

WSDOT R2B,
WOOD)

Assign
ESU

Sample
Number



Point ID

PointID
(HISTORIC,
WSDOT R2B,

WOOD)

Sample ID
Sample Top 
Depth (ft)

Field N N60 (N1)60
Estimated USCS 
Classification

ESU LL PI
 % Fines 
(Lab)

R2B‐S14‐17 WSDOT R2B D‐1 4.0 4 3 5 ML 2C
R2B‐S14‐17 WSDOT R2B D‐2 7.5 16 13 21 SM 3A
R2B‐S14‐17 WSDOT R2B D‐3 10.0 15 13 18 SM 3A NA ‐‐ 36.1
R2B‐S14‐17 WSDOT R2B D‐4 12.0 40 34 44 SM 4A
R2B‐S14‐17 WSDOT R2B D‐5 15.0 64 61 71 SM 4A
R2B‐S14‐17 WSDOT R2B D‐6 20.0 100 95 97 ML 4E 19 2 72.4
R2B‐S15p‐17 WSDOT R2B D‐1 0.0 38 42 42 SP 1B
R2B‐S15p‐17 WSDOT R2B D‐2 2.5 29 32 54 SM 1B
R2B‐S15p‐17 WSDOT R2B D‐3 5.0 73 86 146 SM 1B ‐‐ ‐‐ 16.7
R2B‐S15p‐17 WSDOT R2B D‐4 7.5 18 21 33 SP 1B
R2B‐S15p‐17 WSDOT R2B D‐5 10.0 7 9 13 SP 3A
R2B‐S15p‐17 WSDOT R2B D‐6 12.5 3 4 5 ML 2C NA ‐‐ 55.9
R2B‐S15p‐17 WSDOT R2B D‐7 15.0 4 6 7 SM 2C ‐‐ ‐‐ 43.3
R2B‐S15p‐17 WSDOT R2B D‐8 20.0 7 10 11 SM 3A ‐‐ ‐‐ 34.2
R2B‐S15p‐17 WSDOT R2B D‐9 25.0 6 8 9 CL 3E
R2B‐S15p‐17 WSDOT R2B D‐10 30.0 22 32 33 CL 4E 28 9 81.7
R2B‐S15p‐17 WSDOT R2B D‐11 35.0 37 54 53 CL 4E
R2B‐S15p‐17 WSDOT R2B D‐12 40.0 77 113 106 ML 4E 21 3 ‐‐
R2B‐S15p‐17 WSDOT R2B D‐13 45.0 73 107 96 CL 4E
R2B‐S16vw‐17 WSDOT R2B D‐1 0.0 18 20 20 SW 1B
R2B‐S16vw‐17 WSDOT R2B D‐2 2.5 31 34 58 SW 1B
R2B‐S16vw‐17 WSDOT R2B D‐3 5.0 20 24 40 SM 1B
R2B‐S16vw‐17 WSDOT R2B D‐4 7.5 13 15 26 SM 2B‐1 ‐‐ ‐‐ 13.4
R2B‐S16vw‐17 WSDOT R2B D‐5 10.0 14 18 27 SP 2B‐1
R2B‐S16vw‐17 WSDOT R2B D‐6 12.5 14 18 24 SP 2B‐1 ‐‐ ‐‐ 2.7
R2B‐S16vw‐17 WSDOT R2B D‐7 15.0 5 7 9 SP 3A
R2B‐S16vw‐17 WSDOT R2B D‐8 20.0 4 6 6 SP 3A
R2B‐S16vw‐17 WSDOT R2B D‐9 25.0 9 13 13 SM 3A ‐‐ ‐‐ 22.0
R2B‐S16vw‐17 WSDOT R2B D‐10 30.0 3 4 4 ML 3E 30 5 94.9
R2B‐S16vw‐17 WSDOT R2B D‐11 35.0 5 7 7 ML 3E
R2B‐S16vw‐17 WSDOT R2B D‐12 40.0 19 28 25 SM 4A
R2B‐S16vw‐17 WSDOT R2B D‐13 45.0 38 56 47 SM 4A NA ‐‐ 34.4
R2B‐S16vw‐17 WSDOT R2B D‐14 50.0 58 85 69 SM 4A
W‐102‐20 WOOD SPT‐1 2.5 37 41 69 SM 1B ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐2 5.0 11 13 22 SM 1B ‐‐ ‐‐ 32.8
W‐102‐20 WOOD SPT‐3 7.5 16 19 30 SM 2B‐1 ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐4 10.0 3 4 5 SM 3A ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐5 15.0 0 0 0 MH 2C 53 21 51.4
W‐102‐20 WOOD SPT‐6 19.5 10 14 16 ML 3A 0 0 ‐‐
W‐102‐20 WOOD SPT‐7 25.0 25 35 37 GM 3A ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐8 30.0 37 54 53 GM 3A ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐9 35.0 15 22 20 ML 3E ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐10 40.0 10 15 13 ML 3E 16 1.7 ‐‐
W‐102‐20 WOOD SPT‐11 45.0 42 62 53 ML 4E ‐‐ ‐‐ ‐‐
W‐102‐20 WOOD SPT‐12 50.0 56 82 67 SM 4E ‐‐ ‐‐ ‐‐
MH‐1 Historic SPT‐1 5.0 16 13 22 SM 3A ‐‐ ‐‐ ‐‐
MH‐1 Historic SPT‐2 7.5 10 8 13 SM 3A ‐‐ ‐‐ ‐‐
MH‐1 Historic SPT‐3 10.0 12 10 15 SP‐SM 3A ‐‐ ‐‐ ‐‐
MH‐1 Historic SPT‐4 12.5 5 4 6 OL 2C ‐‐ ‐‐ ‐‐
MH‐1 Historic SPT‐5 17.5 10 10 12 SM 3A ‐‐ ‐‐ ‐‐
MH‐1 Historic SPT‐6 20.0 11 11 13 ML 2C ‐‐ ‐‐ ‐‐

ASSIGNED ESUs



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
R2B‐S15p‐17 0 42 SP

R2B‐S15p‐17 2.5 54 SM

R2B‐S15p‐17 5 SM 146 Note 1
R2B‐S15p‐17 7.5 33 SP

R2B‐S16vw‐17 0 20 SW

R2B‐S16vw‐17 2.5 58 SW

R2B‐S16vw‐17 5 40 SM

W‐102‐20 2.5 69 SM

W‐102‐20 5 22 SM

Depth (ft) A B C
AVERAGE 42.3 0 42.3 59.6 24.9
STD DEV  17.3 80 42.3 59.6 24.9
GEOMEAN 38.9 A = Average (N1)60

Outlier Notes: B = Average [(N1)60 + (STD Dev (N1)60)]
1. Maximum values removed to reduce the standard deviation, which is a conservative practice for design values. C = Average [(N1)60 ‐ (STD Dev (N1)60)]

ESU #1B Fill (Medium dense to very dense SAND/GRAVEL)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

41%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 39

4

Using WSDOT correlation

(N1)60 (blows per foot)
Friction angle φ 

(degrees)
2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

ESTIMATE PEAK FRICTION ANGLE (deg)

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 38.9 41 36 39
Average 42.3 42 37 39
Average minus 
one standard 
deviation

24.9 40 35 37

ESTIMATE PEAK FRICTION 
ANGLE (deg)

38 Selected value based on fines content and USCS (samples mainly SM with SW/SP)

5 USCS SM USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 125 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

Notes: 
 = selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties. FHWA‐IF‐02‐034.



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
R2B‐S14‐17 4 5 ML

R2B‐S15p‐17 12.5 5 ML

R2B‐S15p‐17 15 7 SM

W‐102‐20 15 21 MH 0 Note 1
MH‐1 12.5 6 OL

MH‐1 20 ML 13 Note 1

Depth (ft) A B C
AVERAGE 5.8 20.6 0 5.8 6.7 4.8
STD DEV  1.0 #DIV/0! 80 5.8 6.7 4.8
GEOMEAN 5.7 20.6 A = Average (N1)60

Outlier Notes: B = Average [(N1)60 + (STD Dev (N1)60)]
1. Sample removed to bring the (N1)60 within COV (under 45%). C = Average [(N1)60 ‐ (STD Dev (N1)60)]

ESU #2C Alluvium with Organics (Very soft to soft SILT/CLAY)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

17%

(Vlow) from Table 52 in 
GEC 5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 6

4

Using WSDOT correlation

(N1)60 (blows per foot)
Friction angle φ 

(degrees)
2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

ESTIMATE PEAK FRICTION ANGLE (deg)

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 5.7 33 28 31
Average 5.8 33 28 31
Average minus 
one standard 
deviation

4.8 33 28 30

PEAK FRICTION ANGLE 
(deg)

28

5 USCS ML USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 90 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

7 ESTIMATE EFFECTIVE FRICTION ANGLE BASED ON PI VALUE (deg)

8
Effective Friction Angle 
(deg)

30 Per I‐405 SPM, Figure 8, PI = 21.

9
Effective Friction Angle 
(deg)

30 Assigned Phi' = 30 deg based on PI correlation.

PI = 21



10
Undrained Shear Strength 
based on SPT

Estimated using Equation 9, Wood SPM,  to assess short‐term condition

Point ID Sample Top Depth (ft) USCS N60
Plasticity
Index

Su (psf) Outlier Why

R2B‐S14‐17 4.0 ML 3 317
R2B‐S15p‐17 12.5 ML 4 392
R2B‐S15p‐17 15.0 SM 6 593 Note 2
W‐102‐20 15.0 MH 0 21 Note 1
MH‐1 12.5 OL 4 455 Note 1
MH‐1 20.0 ML 11 1,111

AVERAGE 21 388
STD DEV  0 69
GEOMEAN 21 384

Pa =  2116 psf
F1 =  5.5 for PI < or = 15
F1 =  4.5 for PI > or = 30

Outlier Notes: F1 =  5 for PI between 15 and 30
1. Sample removed to bring the Su within COV (under 40%).
2. SM Sample removed.

11 CHECK COV IS BETWEEN 13 AND 40%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

18%

(Vlow) from Table 52 in 
GEC 5 Sabatini (2002)

13%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

40%

Selected Su 400 psf

12 Estimate Undrained Shear Strength (psf) based on CPTs

CPT Location
Corresponding Depths 

(ft)
Thickness of Layer, H 

(ft)
Peak Su 
(psf)

Sum of Weighted Peak Su , 
H*Su (psf)

W‐103cp‐20 6 to 15 9 500 4500
15 to 18 3 1000 3000

W‐198cp‐20/20A 8 to 11 3 1100 3300
14 to 16 2 770 1540

725.9 psfWEIGHTED AVERAGE

Note: For samples where PI (lab obtained) is between 15 and 30, 
Wood used F1 = 5 (between 4.5 and 5.5). For samples where PI was 
not determined and where USCS is MH, CL, CH, used F1 = 5.



13 Selected Su 550 psf (Selected the average value between Equation 9, based on N60 correlation and Equation 10, based on CPT interpretation)

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual.
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002.  Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties.  FHWA‐IF‐02‐034.



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
R2B‐S14‐17 7.5 21 SM

R2B‐S14‐17 10 18 SM

R2B‐S15p‐17 10 13 SP

R2B‐S15p‐17 20 11 SM

R2B‐S16vw‐17 15 9 SP

R2B‐S16vw‐17 20 6 SP

R2B‐S16vw‐17 25 13 SM

W‐102‐20 10 5 SM

W‐102‐20 25 GM 37 Note 1
W‐102‐20 30 GM 53 Note 1
W‐102‐20 19.5 16 0 ML

MH‐1 5 22 SM

MH‐1 7.5 13 SM

MH‐1 10 15 SP-SM

MH‐1 17.5 12 SM

AVERAGE 13.4 Depth (ft) A B C
STD DEV  5.1 0 13.4 18.5 8.3
GEOMEAN 12.4 80 13.4 18.5 8.3

Outlier Notes: A = Average (N1)60
1. Maximum values due to gravel content removed to reduce the standard deviation, which is a conservative practice for design values. B = Average [(N1)60 + (STD Dev (N1)60)]

C = Average [(N1)60 ‐ (STD Dev (N1)60)]

ESU #3A Recent Alluvium (Medium dense SAND)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

38%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 12

4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot)
Friction angle φ 

(degrees)
2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

(N1)60 φ (high) φ (low) φ (avg)
Geomean 12.4 37 32 34
Average 13.4 37 32 34
Average minus 
one standard 
deviation

8.3 35 30 32

32 Selected value from lower end of the range based on moderate to high fines contentPEAK FRICTION ANGLE (deg)

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



5 USCS SM USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 110 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties.  FHWA‐IF‐02‐034.



1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
R2B‐S15p‐17 25 9 CL

R2B‐S16vw‐17 30 5 ML 4 Note 2
R2B‐S16vw‐17 35 7 ML

W‐102‐20 35 ML 20 Note 1
W‐102‐20 40 13 2 ML

AVERAGE 9.7 3.3 Depth (ft) A B C
STD DEV  3.1 0 9.7 12.7 6.6
GEOMEAN 9.4 80 9.7 12.7 6.6

Outlier Notes: A = Average (N1)60
1. Maximum values removed to reduce the standard deviation, which is a conservative practice for design values. B = Average [(N1)60 + (STD Dev (N1)60)]
2. Minuimum values removed to reduce the standard deviation, which is a conservative practice for design values. C = Average [(N1)60 ‐ (STD Dev (N1)60)]

ESU #3E Recent Lacustrine (Soft to medium stiff SILT/CLAY)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

32%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 9

4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot)
Friction angle φ 

(degrees)
2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 9.4 35 30 33
Average 9.7 36 31 33
Average minus 
one standard 
deviation

6.6 34 29 31

30 Selected value from lower end of the range based on moderate to high fines content

5 USCS ML USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 110 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

7 ESTIMATE EFFECTIVE FRICTION ANGLE BASED ON PI VALUE (deg)

8
Effective Friction Angle 
(deg)

35 Assigned value, Per I‐405 SPM, Page 7, Figure 8

8 Effective Cohesion (psf) 600 Per I‐405 SPM, Page 8, Line 2, Equation 6, plasticity index (Ip), 7 < Ip < 30, c' = 30 Kpa, => c' = 600 psf

PEAK FRICTION ANGLE (deg)

PI = 3



9
Estimate Undrained Shear 
Strength (psf)

Estimated using Equation 9, Wood SPM,  to assess short‐term condition

Point ID Sample Top Depth (ft) USCS N60
Plasticity
Index

Su (psf) Outlier Why

R2B‐S15p‐17 25.0 CL 8 978
R2B‐S16vw‐17 30.0 ML 4 5 512
R2B‐S16vw‐17 35.0 ML 7 850
W‐102‐20 35.0 ML 22 2,561
W‐102‐20 40.0 ML 15 2 1,711

AVERAGE 3 780
STD DEV  1 241
GEOMEAN 3 752

Pa =  2116 psf
F1 =  5.5 for PI < or = 15
F1 =  4.5 for PI > or = 30
F1 =  5 for PI between 15 and 30

10 CHECK COV IS BETWEEN 13 AND 40%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

31%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

13%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

40%

11 Estimate Undrained Shear Strength (psf) based on CPTs

CPT Location
Corresponding Depths 

(ft)
Peak Su (psf)

W‐103cp‐20 28 ‐ 32 2300
W‐198cp‐20/20A 20 ‐ 28 2700

AVERAGE 2500 psf

12 Selected Su 1,600                                psf (Selected the average value between Equation 9, based on N60 correlation and Equation 10, based on CPT interpretation)

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties.  FHWA‐IF‐02‐034.

Note: For samples where PI (lab obtained) is between 15 and 30, 
Wood used F1 = 5 (between 4.5 and 5.5). For samples where PI was 
not determined and where USCS is MH, CL, CH, used F1 = 5.



Note: Massive ‐ Undisturbed deposit 
1 REVIEW  (N1)60 PARAMETERS AND CHECK FOR OUTLIERS

deleted why
R2B‐S14‐17 20 97 2 ML

R2B‐S15p‐17 30 33 9 CL

R2B‐S15p‐17 35 53 CL

R2B‐S15p‐17 40 100 3 ML Capped to 100
R2B‐S15p‐17 45 96 CL

W‐102‐20 45 53 ML

W‐102‐20 50 67 SM

Depth (ft) A B C
AVERAGE (Ip) 71.3 4.7 0 71.3 97.9 44.7
STD DEV  26.6 80 71.3 97.9 44.7
GEOMEAN 66.6 A = Average (N1)60

B = Average [(N1)60 + (STD Dev (N1)60)]
C = Average [(N1)60 ‐ (STD Dev (N1)60)]

ESU #4E Glaciolacustrine Deposit (Massive SILT/CLAY)

Point ID Depth (N1)60 PI USCS
Check (N1)60 data for outliers
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2 CHECK COV IS BETWEEN 15 AND 45%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

37%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

15%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

45%

3 PLOT HISTOGRAM AND COMPARE TO GEOMEAN VALUE

GEOMEAN 67

4 ESTIMATE PEAK FRICTION ANGLE (deg)

Using WSDOT correlation

(N1)60 (blows per foot)
Friction angle φ 

(degrees)
2.5 25
2.5 30
4 27
4 32
10 30
10 35
30 35
30 40
50 38
50 43

y = 4.236ln(x) + 25.903
R² = 0.9924

y = 4.236ln(x) + 20.903
R² = 0.9924
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WSDOT GDM Table 5‐1
SPT (N1)60 vs drained friction angle φ (degrees)



(N1)60 φ (high) φ (low) φ (avg)
Geomean 66.6 44 39 41
Average 71.3 44 39 41
Average minus 
one standard 
deviation

44.7 42 37 39

39 Based on (N1)60, used for reference

5 USCS ML‐CL USE PREDOMINANT USCS CLASSIFICATION
6 Unit Weight (pcf) 125 USE CALTRANS, verify with CODUTO (2001) or GDM for PEAT/ ORGANICS if no measurements.

7
Effective Friction Angle 
(deg)

36 Per I‐405 SPM, Page 7, Line 20, Equation 4, plasticity index (Ip), 4 < Ip < 50, Phi' = 45 ‐ 14*log(Ip), => Phi' = 36 deg 

8 Effective Cohesion (psf) 600 Per I‐405 SPM, Page 8, Line 2, Equation 6, plasticity index (Ip), 7 < Ip < 30, c' = 30 Kpa, => c' = 600 psf

9
Estimate Residual Angle 
(deg)

29 Per GDM, Figure 5‐5 (After NAVFAC, 1971)

PEAK FRICTION ANGLE (deg)

PI = 5



10
Estimate Undrained Shear 
Strength (psf)

Estimated using Equation 9, Wood SPM,  to assess short‐term condition

Point ID Sample Top Depth (ft) USCS N60
Plasticity
Index

Su (psf) Check for Outliers Why Removed

R2B‐S14‐17 20.0 ML 95 2 11,057
R2B‐S15p‐17 30.0 CL 32 9 3,759
R2B‐S15p‐17 35.0 CL 54 6,320
R2B‐S15p‐17 40.0 ML 113 3 13,141
R2B‐S15p‐17 45.0 CL 107 12,466
W‐102‐20 45.0 ML 62 7,170
W‐102‐20 50.0 SM 82 9,556 Note 1

AVERAGE 5 8985
STD DEV  #DIV/0! 3526
GEOMEAN 4 8220

Pa =  2116 psf
F1 =  5.5 for PI < or = 15
F1 =  4.5 for PI > or = 30
F1 =  5 for PI between 15 and 30

Outlier Notes:
1. SM sample removed.

Note: For samples where PI (lab obtained) is between 15 and 30, 
Wood used F1 = 5 (between 4.5 and 5.5). For samples where PI was 
not determined and where USCS is MH, CL, CH, used F1 = 5.



11 CHECK COV IS BETWEEN 13 AND 40%
(consider revising ESU limits if outside range)
Coefficient of Variation (V) 
= standard 
deviation/average

39%

(Vlow) from Table 52 in GEC 
5 Sabatini (2002)

13%

(Vhigh) from Table 52 in 
GEC 5 Sabatini (2002)

40%

12 Selected Su 6,000                                psf

Notes: 
 = final selected soil design properties

REFERENCES:
California Department of Transportation (Caltrans). 2014. Geotechnical Manual. 
Coduto, D.P. 2001. Foundation Design Principles and Practices.  2nd Edition. Prentice‐Hall, Inc., New Jersey.
Sabatini, P.J., R.C. Bachus, P.W. Mayne, T.E. Schneider, and T. E. Zettler. 2002. Geotechnical Engineering Circular No. 5: Evaluation of Soil and Rock Properties. FHWA‐IF‐02‐034.



Project:

from to from to ' (deg) Su (psf)
35 27 0 8 8 ESU 1B SM 42 125 38 ‐ ‐ ‐ ‐ ‐
27 24 8 11 3 ESU 3A SM 13 110 32 ‐ ‐ ‐ 6 230
24 20 11 15 4 ESU 2C ML 6 90 30 ‐ ‐ 550 3 72
20 14 15 21 6 ESU 3A SM 13 110 32 ‐ ‐ ‐ 6 230
14 6.5 21 28.5 7.5 ESU 3E ML 10 110 30 ‐ ‐ 1,600 4 128
6.5 ‐ 28.5 ‐ ‐ ESU 4E ML‐CL 71 125 36 600 29 6,000 ‐ ‐

29 feetGroundwater Elevation: 

Elevation 
(feet)

Depth 
(feet)

Layer Depth 
(feet)

I‐405 Renton to Bellevue Widening and Express Toll Lanes Project

Retaining Wall 07.50R
Cross‐section A‐A' at Station 0+75

ESU USCS (N1)60
Ymoist
(pcf)

Effective 

Peak'
(deg)

Effective 
Peak c'
(psf)

Residual '
(deg)

(w/ c'=0)

Su
(psf)

Liquefied Strength

Please see Sheet 3-3 in Appendix A for 
contact elevations of layers



 

In Association with  

  

Geotechnical Engineering Report: Wall 7.50R    

Appendix D-2 
Sample Calculation of (N1)60



 

1 
 

CALCULATION COVER SHEET 
 

Project 
WSDOT I-405 

Structure/ Location/ Segment 
May Creek Bridge 

Wood Project No. 
PS19-203160.032100.0001 

Title 
 Engineering Stratigraphic Units (ESUs)  

Computer Program (if used)  Microsoft Excel 
 

Version / Release No.   

Purpose and Objective 
Calculation Verification Submittals for Spreadsheet 

 For determination of Nmeasured from Nfield 
 For determination of (N1)60 from Nmeasured  

 
 

Comments 
Sample calculations 

Revision Log 

Rev. No. Revision Description 

00 Initial submittal. 

  

  

Sign Off 

Rev. No. 
Originator (Print) 
Sign / Date 

Reviewer (Print) 
Sign / Date 

00 Jim Dransfield Kevin Burlingham 

 3/4/2020 3/20/2020 

     

     

     

     

 

Applicable for the use of Overall Project
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PointlD

Top

Depth (ft)
Sample

Number

tlfiI\lf\ l-= lkLJ}

BlowCountsl lBlowCounts2 lBlor,vCounts3 lr-engthr. lrengthz llengtfre i

R2B-20-17 4 D-1 9 9 10 6 6 6 19
RzB-20-tl 7 D-2 7 10 t2 6 6 6 22
RzB-20-L7 9 D-3 2 8 16 6 6 6 24
R2B-20-L7 12 D-4 9 7 6 6 6 L4
R2B-20-L7 74 D-5 3 6 8 6 6 6 t4
R2B-20-L7 19 D-6 9 10 11 6 6 6 21,
R2B-20-17 24 D-7 l 11 71, 5 6 6 22
R2B-20-17 29 D-8 10 9 10 6 6 6 19
RzB-20-17 34 D-9 7 9 9 5 6 6 18
R2B-20-77 39 D-10 2 2 4 6 6 6 6
Rzg-20-77 44 D-11 24 30 27 6 6 6 57
R2B-20-77 49 D-12 26 26 50 6 6 6 76
RzB-20-17 54 D-13 lt 77 20 6 6 6 37
R2B-20-17 59 D-74 25 36 47 5 6 6 83

RzB-20-L7 69 D-15 24 50 6 4 150

RzB-20-L7 79 D-16 41 50 6 6 100

R2B-20-17 89 D-17 4L 50 6 5 720
R2B-20-t7 99 D-18 50 6 100
R2B-2L-t7 4 D-1 6 3 3 6 6 6 6
R2B-21,-t7 7 D-2 3 2 L 6 6 6 3

R2B-2L-t7 9 D-3 6 5 5 6 6 6 10
RzB-27-17 72 D-4 1" t L 6 6 6 2

RzB-27-77 74 D-5 3 7 8 5 6 6 15
RzB-27-77 19 D-6 10 L2 15 6 6 5 27
RzB-21,-17 24 D-7 11 15 15 6 6 6 30
R2B-21,-t7 29 D-8 22 50 6 2 300
RzB-2T.L7 34 D-9 26 32 33 6 6 6 65
RzB.2L.L7 39 D-10 31 50 6 6 1-00

R2B-2L-L7 44 D-11 31 50 6 6 100

R2B-2L-L7 49 D-1.2 33 43 50 6 6 4 1.L2

R2B-27-L7 54 D-13 39 42 47 6 6 6 89
R2B-27-L7 59 D-14 33 42 50 6 6 4 110
RzB-21,-L7 64 D-15 35 50 6 5 t20
RzB-21,-L7 69 D-16 4L 50 6 6 100
R2B-2t-L7 74 D-t7 50 6 L00

R2B-22vw-L7 4 D-1 6 9 rto 6 6 6 L9
R2B-22vw-17 7 D-2 7 7 9 6 6 6 L6
R2B-22vw-17 9 D-3 3 4 5 6 6 5 9
R2B-22vw-77 12 D-4 5 7 7 6 6 6 1.4

R2B-22vw-77 1,4 D-5 5 5 5 5 6 6 10
R2B-22vw-L7 19 D-6 7 LL L7 6 6 6 22
R2B-22vw-t7 24 D-7 10 11 t7 6 6 6 28
RZB-22vw-t7 29 D-8 2 1 2 6 6 6 3

R2B-22vw-L7 34 D-9 3 5 5 6 6 6 10
R2B-22vw-17 39 D-10 9 19 22 6 6 6 4L
R2B-22vw-17 44 D-11 24 27 20 6 6 6 47
R2B-22vw-17 49 D-12 50 5 120
R2B-22vw-t7 54 D-13 27 36 50 6 6 3 1L5
R2B-22vw-17 59 D-14 50 6 100
R2B-22vw-L7 64 D-15 44 50 6 4 150

I



A *o€ *zB Sheet I of
Phase:

7
Project No. 7>11-zo TtGa
Calculation: N.i:ra.D +(N, )t,c

Task:

Js, Z
-1 4 Za 2-o

Checked K Date: :, o

\A/OOd.
ve& GA l.*f.l 34 L# a 5P RC, AD S NTET I.T S.€}

o {r- ,,:: it :. .,

Aru> .+,,l- lts.u t ;,

1A7 7

(NeM

a,*& )tu = cN

N,"] y (ff s(

:

:

Pea *.DMt c6 .- eF

eG- = fV\?:r.>4.<r <j hztbt,er r,
o( ei.. LOZ (o pe. \ c^'l l""I

cl'- - 8a2, ;1-utoer.,t'is-'{

,-\:yt, _

,'\ \/ h,6 thvx R a

'/ao $

*$6
aadt

TABLE 2. Corrections to SPT (Modified from Skempton 1986) as
Listed by Robertson and Wride (1998)

Equipment variable Term Correction

CB
CB

CR

CR

CR

CR

CR

CS

cs

Factor

0

)

--:- :-----.:-.

(P,lo 
^)os

1.0
l.05
1.15
0.75
0.8
0.85
0.95
1.0
1.0

1.1-1.3

Overburden pressure
Overburden pressure
Energy ratio
Energy ratio
Energy ratio

Borehole diameter
Borehole diameter
Borehole diameter
Rod length
Rod length
Rod length
Rod length
Rod length
Sampling method
Sampling method

CN

Donut t*., 'i
Safety hammer CE
Automatic-trip Donut- CE

type hammer
65-115 mm(z^<- 4,S i,a ) C,
l50mm (6 ta-}
200mm (aia.)
<3 m (z-lo S+.)
3-4m(ro-ra-F.)
4-6mt,t-i*-i{>
6-10 m(ea- *slt-)
10-30 m(33- too+r
Standard sampler
Sampler without liners

= 1.7
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Typical Unit lVeight.1

Sr:il Type and Unitied
Soil Classification
{See Figure 3.3)

Ahove
Crauadwater Table

1kN/mt) ilb/ftr) (kN/nt1){lb/fr't

TABLE 3.2 TYPICAL UNIT WEIGHTS

CP*Poorly-graded gravel

6t#-\It'el I -grade* grav el

GM-Silty gravel

GC*-{layey gravel

$P*Poorly-graded sand

SW-Well-graded sand

SM-Silty sand

SC*Clayey sand

ML-Lorv plasticity silr

MH-High plastici:y silr

CL*Low plasticity clay

CH*High plasticity clay

t r(}-r30

110-t40

t00-r30

:00-130

95*12-5

95-l 35

80*t 35

85*130

?5*t t0

?5*l t0

80-l l0
80-l t0

r?.5-2t1.5

17.5*?2"4

16"0-20.s

r6.0*20.:

15.0- r 9.5

r5.0-2r.0

13.5*21 .0

13.5*20.5

I1.5*17.5

I1.5-17"5

r?.5-17.5

r 2.5- I 7.5

125*r40

1?5-150

r 25-t4C

125-r4G

t 20-t 35

l20-l jls

I lo*r40
r l0-r35
80*r 3$

75-r30

75*r 30

?G*l 25

19.5*2?"0

r9.5-?l-5

19.5-22.0

19.5*2?.0

19.0*21.0

19.0-23.0

l?.5*2?.0

t 7.5-21.0

r 2.5-20"5

I r.5-20.J

r 1.5-20.5

r l.o-t9.5

Above GW Below GW

USCS Min (pcf) Max (pcf) Ave Min (pcf) Max (pcf) Ave

GP 110 130 120 L25 L40 133

GW 1.10 L40 725 t25 r.50 138

GM 100 130 115 t25 140 133

GC 100 130 115 125 140 133

SP 95 L25 110 L20 135 L28
SW 95 135 115 120 745 133

SM 80 135 L08 1L0 140 125

sc 85 130 108 110 135 723

ML 75 110 93 80 130 105

MH 75 110 93 75 130 103

CL 80 110 95 75 130 103

CH 110 95 70 125

Beleiw
Croundrvater Table

80 98
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Parameter Value Units Notes

Boring Number
Sample

Depth (ft)
Field

Blowcounts

Sampler Type
(spt = standard

penetrometer w/
1.375-inch I.D.,
m = Modified

California

Samplers
Have Space
for Liners
But didn't
Use? (y/n)

Borehole
Diameter (in)

CR, Rod Length
Correction Factor

Cs,
Sampling
Method

Correction
Factor

CS,
Correction

for Sampler
without
Liners

Hammer
efficiency

(%)

CE,
Energy
Ratio

Correct
ion

BE,
Boring

Dia
Correct

ion

N60,
Blowcount

Corrected for
All Factors

except
Overburden

Groundw
ater

Depth
(ft)

Avg Unit Wt
of Sample

(pcf)
[or

corrleation
based on

Coduto and
USCS info or

GDM for
Peats]

Total
Overburden
Stress (psf)

Effective
Overburden
Stress (psf)

CN, Over-
burden

Correction
(Eq 41,
Idriss

Boulanger,
2008) =

(pa/σvo')^0.5

(N1)60,
Corrected
Blowcount

for All
Factors

Limit (N1)60

to 46

CN, Over-
burden

Correction
(Eq 39,
Idriss

Boulanger,
2008) =
f(N1)60

(N1)60,
Corrected
Blowcount

for All
Factors

refined for
relative
density

Estimated
USCS

Classification

Boring Number
Top

Depth (ft)
N Sampler Type (y/n) CR Cs CS ER(%) CE CB N60 gwt (ft) γ (pcf) σ (psf) σ' (psf) CN (N1)60

Limit (N1)60

to 46
CN refined

(N1)60

refined
USCS

R2B-20-17 4.0 19 SPT n 4 0.75 1 1.0 87.1 1.45 1.00 21 23 115 460.0 460.0 1.7 35 35 1.7 34 SW

R2B-20-17 7.0 22 SPT n 4 0.8 1 1.0 87.1 1.45 1.00 26 23 115 805.0 805.0 1.6 41 41 1.3 34 SW

R2B-20-17 9.0 24 SPT n 4 0.85 1 1.0 87.1 1.45 1.00 30 23 115 1035.0 1035.0 1.4 42 42 1.2 36 SW

R2B-20-17 12.0 14 SPT n 4 0.85 1 1.0 87.1 1.45 1.00 17 23 108 1359.0 1359.0 1.2 22 22 1.2 21 SM

R2B-20-17 14.0 14 SPT n 4 0.85 1 1.0 87.1 1.45 1.00 17 23 108 1575.0 1575.0 1.2 20 20 1.1 20 SM

R2B-20-17 19.0 21 SPT n 4 0.95 1 1.0 87.1 1.45 1.00 29 23 108 2115.0 2115.0 1.0 29 29 1.0 29 SM

R2B-20-17 24.0 22 SPT n 4 0.95 1 1.0 87.1 1.45 1.00 30 23 125 2740.0 2677.6 0.9 27 27 0.9 28 SM

R2B-20-17 29.0 19 SPT n 4 1 1 1.0 87.1 1.45 1.00 28 23 125 3365.0 2990.6 0.8 23 23 0.9 24 SM

R2B-20-17 34.0 18 SPT n 4 1 1 1.0 87.1 1.45 1.00 26 23 125 3990.0 3303.6 0.8 21 21 0.8 22 SM

R2B-20-17 39.0 6 SPT n 4 1 1 1.0 87.1 1.45 1.00 9 23 105 4515.0 3516.6 0.8 7 7 0.7 6 ML

R2B-20-17 44.0 57 SPT n 4 1 1 1.0 87.1 1.45 1.00 83 23 133 5180.0 3869.6 0.7 61 46 0.9 71 GM

R2B-20-17 49.0 76 SPT n 4 1 1 1.0 87.1 1.45 1.00 110 23 133 5845.0 4222.6 0.7 78 46 0.8 92 GM

R2B-20-17 54.0 37 SPT n 4 1 1 1.0 87.1 1.45 1.00 54 23 133 6510.0 4575.6 0.7 37 37 0.8 42 GM

R2B-20-17 59.0 83 SPT n 4 1 1 1.0 87.1 1.45 1.00 121 23 105 7035.0 4788.6 0.7 80 46 0.8 97 ML

R2B-20-17 69.0 150 SPT n 4 1 1 1.0 87.1 1.45 1.00 218 23 105 8085.0 5214.6 0.6 139 46 0.8 172 ML

R2B-20-17 79.0 100 SPT n 4 1 1 1.0 87.1 1.45 1.00 145 23 125 9335.0 5840.6 0.6 87 46 0.8 111 SM

R2B-20-17 89.0 120 SPT n 4 1 1 1.0 87.1 1.45 1.00 174 23 125 10585.0 6466.6 0.6 100 46 0.7 130 SM

R2B-20-17 99.0 100 SPT n 4 1 1 1.0 87.1 1.45 1.00 145 23 125 11835.0 7092.6 0.5 79 46 0.7 106 SM

R2B-21-17 4.0 6 SPT n 4 0.75 1 1.0 88.4 1.47 1.00 7 8 108 432.0 432.0 1.7 11 11 1.7 11 SM

R2B-21-17 7.0 3 SPT n 4 0.8 1 1.0 88.4 1.47 1.00 4 8 80 672.0 672.0 1.7 6 6 1.7 6 OL-PT

R2B-21-17 9.0 10 SPT n 4 0.85 1 1.0 88.4 1.47 1.00 13 8 125 922.0 859.6 1.6 20 20 1.5 19 SM

R2B-21-17 12.0 2 SPT n 4 0.85 1 1.0 88.4 1.47 1.00 3 8 80 1162.0 912.4 1.5 4 4 1.7 4 OL-PT

R2B-21-17 14.0 15 SPT n 4 0.85 1 1.0 88.4 1.47 1.00 19 8 128 1418.0 1043.6 1.4 27 27 1.3 25 SP

R2B-21-17 19.0 27 SPT n 4 0.95 1 1.0 88.4 1.47 1.00 38 8 133 2083.0 1396.6 1.2 47 46 1.1 42 SW

R2B-21-17 24.0 30 SPT n 4 0.95 1 1.0 88.4 1.47 1.00 42 8 138 2773.0 1774.6 1.1 46 46 1.0 44 GW

R2B-21-17 29.0 300 SPT n 4 1 1 1.0 88.4 1.47 1.00 442 8 138 3463.0 2152.6 1.0 438 46 1.0 440 GW

R2B-21-17 34.0 65 SPT n 4 1 1 1.0 88.4 1.47 1.00 96 8 128 4103.0 2480.6 0.9 88 46 1.0 92 SP-SM

R2B-21-17 39.0 100 SPT n 4 1 1 1.0 88.4 1.47 1.00 147 8 128 4743.0 2808.6 0.9 128 46 0.9 137 SP-SM

R2B-21-17 44.0 100 SPT n 4 1 1 1.0 88.4 1.47 1.00 147 8 128 5383.0 3136.6 0.8 121 46 0.9 133 SP-SM

R2B-21-17 49.0 112 SPT n 4 1 1 1.0 88.4 1.47 1.00 165 8 128 6023.0 3464.6 0.8 129 46 0.9 145 SP-SM

R2B-21-17 54.0 89 SPT n 4 1 1 1.0 88.4 1.47 1.00 131 8 128 6663.0 3792.6 0.7 98 46 0.9 112 SP-SM

R2B-21-17 59.0 110 SPT n 4 1 1 1.0 88.4 1.47 1.00 162 8 128 7303.0 4120.6 0.7 116 46 0.8 136 SP-SM

R2B-21-17 64.0 120 SPT n 4 1 1 1.0 88.4 1.47 1.00 177 8 128 7943.0 4448.6 0.7 122 46 0.8 145 SP-SM

R2B-21-17 69.0 100 SPT n 4 1 1 1.0 88.4 1.47 1.00 147 8 128 8583.0 4776.6 0.7 98 46 0.8 119 SP-SM

R2B-21-17 74.0 100 SPT n 4 1 1 1.0 88.4 1.47 1.00 147 8 128 9223.0 5104.6 0.6 95 46 0.8 117 SP-SM
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1.0 Background:   

Wood is providing geotechnical engineering services for the I-405 improvements project. Below is an 
image of the alignment with the southern and northern ends marked and also the location of the 
bridge crossing at May Creek. Also shown are fault traces that cross the alignment for the Seattle 
fault (northern, middle, and southern traces).   

Figure 1: Project Alignment with Fault Traces 

 

Northern Trace 

Middle Trace 

Southern Trace 
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The project is broken down into 5 segments (1A, 1B, 2A, 2B, and 2C). The geotechnical design for 
Segment 2C is being perfromed by Hart Crowser and so is not covered in this calculation. Below is a 
summary of the segments covered in this calculation. 

Table 1: Project Segments Covered in this Calculation 

 

Segment 
Approximate 
Mile Range 

Brief Description 

1A 0-6.0 Southern end at intersection with I-5 up to Lake Washington near 24th St 

1B 6.0-8.5 Southern end of Lake Washington near 24th St up to near 64th St  

2A 8.5-10.0 Near 64th St up to where I-405 diverges from Lake Washington near 46th St 

2B 10.0-12.0 Centered on intersection with I-90, from near 46th St up to near 22nd St 

 

2.0 Problem:    

Evaluate seismic design parameters for Segments 1A to 2B for the project for all likely site classes 
and seismic performance objective levels of hazard. 

 

3.0 Approach:   

The controlling specifications for the seismic design are the WSDOT Geotechnical Design Manual 
(GDM) Chapter 6 per Addendum 9 dated January 2019. Another specification is the WSDOT Bridge 
Design Manual (BDM) Chapter 4. 

All structures are to be designed for a 7 percent probability of exceedance in 75 years seismic 
hazard, which is about a 1,034 year return period event (described in the GDM as an “approximate” 
return period of 1,000 yrs; this is similar to a 5% in 50 year probability of exceedance hazard, which 
has a 975 year return period as used by Caltrans). Essential or critical bridges should also be 
designed for the 30 percent probability of exceedance in 75 years seismic hazard, which has a year 
return period of about 210 years. The 1034 year return period event is designated as the Safety 
Evaluation  Earthquake (SEE) and the 210 year return period event is designated as the Functional 
Evaluation Earthquake (FEE). These designations are from GDM Section 6-1.2.1. 

For this project we are using the General Procedure method as outlined in GDM Section 6-2.1. This 
includes using specification/code based hazard (from GDM Section 6-3.1) with specification/code 
based ground motion response (from GDM Section 6-3.2.1). 

To determine the seismic hazard for the SEE (1,000 yr RP) the ground motion tool called Spectra 
was used as recommended in Section 4.2.3.1 of the BDM. This tool uses the information published in 
the USGS National Seismic Hazards Mapping Project (USGS, 2014) as well as the updated site 
coefficients that are included in GDM Section 6-3.2.1. 

For the FEE level of hazard (210 yr RP) we used the data from the USGS website at:  
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https://earthquake.usgs.gov/hazards/interactive 

This is recommended in Section 6-3.1 of the GDM. The data was used to determine the spectral 
values for the site class B/C boundary at periods of PGA, 0.2 sec, and 1.0 sec for the 210 year return 
period. The site coefficients that are included in GDM Section 6-3.2.1 were then applied. 

As recommended in GDM Section 6-1.3 the USGS website 
(https://earthquake.usgs.gov/hazards/interactive) was used to evaluate the magnitude-distance 
deaggregation at the periods of interest for the SEE and FEE seismic hazard levels. 

4.0 Evaluations:  

The first task was determining whether the seismic hazard should be evaluated for each segment, or 
if any segments needed to be divided into smaller portions based on the seismic hazard changing 
along the segment. The figures in Appendix 6-B of the GDM were reviewed in order to make this 
determination. Below is a portion of the figure for the peak horizontal acceleration (PHA) values. As 
shown the spectral acceleration values generally decrease going along the portion of I-405 from the 
intersection with I-5 to about the intersection with Highway 167 (portion that goes west-east) where 
the alignment turns to the north. The values are then relatively constant (i.e., the project route runs 
roughly along the contour lines, so the seismic accelerations are not expected to vary significantly 
along the segment) up to about the north end of the project at the intersection with I-90. 

Figure 2: Portion of PHA Figure from Appendix 6-B of GDM 

 

https://earthquake.usgs.gov/hazards/interactive
https://earthquake.usgs.gov/hazards/interactive
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Based on the above figure (and the corresponding figures for the spectral accelerations at 0.2 and 1 
second present a similar picture), it was determined that Segment 1A of the alignment should be 
divided into two areas. Area 1A-1 would go from the southwestern end of the alignment (at the 
intersection with I-5) over to the intersection with Highway 167 (i.e., the portion that goes east-west). 
Area 1A-2 would cover the remainder of Segment 1A (i.e., the portion that goes north-south). The 
other segments were not subdivided further as Segments 1B and 2A are along the contour lines and 
Segment 2B covers the area where the PHA values are changing in the northern area of the 
alignment. Below is a table summarizing these segment divisions along with the latitude and 
longitude values for their midpoints. 

Table 2: Division of Project Segments for Evaluations 

 

Segment 
Midpoint 
Latitude 

Midpoint 
Longitude 

Approximate 
Mile Midpoint 

Approximate 
Mile Range 

1A-1 47.465145 -122.24191 1.2 0.0-2.3 

1A-2 47.48641 -122.19447 4.1 2.3-6.0 

1B 47.528242 -122.19771 7.3 6.0-8.5 

2A 47.555697 -122.19083 9.3 8.5-10.0 

2B 47.577447 -122.17425 11 10.0-12.0 

The midpoint latitude and longitude were then copied into the Spectra program and the USGS 
website. For the USGS website the Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) option was 
selected for the Edition option. The spectral acceleration values for the PGA, Ss (0.2 sec value), and 
the S1 (1.0 sec value) for the B/C boundary site class were then taken from Spectra (to be used for 
the SEE) and the USGS website (to be used for the FEE). 

These values were copied into a spreadsheet (Seismic Hazard I-405.xlsx) onto separate tabs 
(Summary 1A-1, Summary 1A-2, etc.) for each segment in columns C and D. The site coefficients 
from GDM Section 6-3.2.1 were then input into the spreadsheet tabs below the spectral acceleration 
values so that they could be used to calculate the site-class-dependent design values. 

Columns E, G, I, and K of each tab then calculate the FPGA, Fa, and Fv values to use for the FEE and 
SEE hazard levels for site classes of C and D. Linear interpolation is used for spectral values 
between the values given in the tables. 

Site Class C and D were chosen for the evaluations as those site classes should cover the various 
geologic conditions along the alignment. This was based on a quick review of boring logs and 
available shear wave velocity data along the alignment. The site class for each structure should be 
determined at the time of design of that particular structure and the appropriate seismic parameters 
chosen for that site class. If additional site classes are required to cover the conditions along the 
alignment then this calculation should be revised.  

Columns F, H, J, and L of each tab calculate the design spectral acceleration values by multiplying 
the B/C boundary values for PGA, 0.2 sec, and 1.0 sec by the corresponding FPGA, Fa, and Fv values. 

To evaluate the magnitudes to use in liquefaction evaluations along the alignment the USGS website 
was used. The values from the hazard at PGA were tabulated based on that being the dominant 
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period for liquefaction hazard (typical equations for the cyclic stress ratio are based on PGA for 
liquefaction). The mean magnitudes are summarized below for the segments for which the data was 
tabulated. As shown the mean magnitude does not vary significantly along the alignment. Also 
tabulated below are the percent contribution to the hazard from the Cascadia Subduction zone 
sources per the USGS website. This is tabulated for use in determination of whether large magnitude 
events are a significant contributor to the seismic hazard at the site; this determination is used in 
evaluations for liquefaction lateral spreading. Plots for the deaggregations are also included for 
Segments 1A-1 and 2B to show that there is insignificant variation along the alignment. The 
deaggregation data is also attached to this calculation. 

Table 3: Deaggregation Values in Percent 

 

Segment 

Mean 
Magnitude, 

SEE 

Mean 
Magnitude, 

FEE 

Subduction 
Zone 

Contribution, 
SEE 

Subduction 
Zone 

Contribution, 
FEE 

1A-1 7.0 6.8 9.0 8.9 

1B 7.0 6.8 8.7 8.7 

2B 7.0 6.8 8.9 8.6 

Figure 3: Deaggregation for Segment 1A-1, 1,000 year RP, PGA 
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Figure 4: Deaggregation for Segment 1A-1, 210 year RP, PGA 

 

Figure 5: Deaggregation for Segment 2B, 1,000 year RP,PGA 
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Figure 6: Deaggregation for Segment 2B, 210 year RP, PGA 

 

5.0 Conclusions:  

The following are the evaluated seismic parameters for the I-405 project segments as defined above. 

 

Segment 1A-1 (MP 0.0 to 2.3, South End to Highway 167): 

 

 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site Class D C D C 

Peak Ground Acceleration (PGA) 0.438g 0.438g 0.207g 0.207g 

FPGA 1.162 1.200 1.393 1.200 

Site-Adjusted Peak Ground Acceleration (AS) 0.509g 0.526g 0.288g 0.248g 

Short-period (0.2 second) spectral acceleration (SS) 1g 1g 0.467g 0.467g 
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 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site coefficient (Fa) 1.100 1.200 1.427 1.300 

Short Period design response acceleration (SDS) = SS x Fa 1.1g 1.2g 0.666g 0.607g 

1.0 second period spectral acceleration (S1) 0.286g 0.286g 0.112g 0.112g 

Site coefficient (Fv) 2.028 1.500 2.376 1.500 

1.0 second design response acceleration SD1 = S1 x Fv 0.58g 0.429g 0.266g 0.168g 

Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8 

 

 

Segment 1A-2 (MP 2.3 to 6.0, Highway 167 to near 24th St): 

 

 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site Class D C D C 

Peak Ground Acceleration (PGA) 0.43g 0.43g 0.202g 0.202g 

FPGA 1.170 1.200 1.398 1.200 

Site-Adjusted Peak Ground Acceleration (AS) 0.503g 0.516g 0.282g 0.242g 

Short-period (0.2 second) spectral acceleration (SS) 0.98g 0.98g 0.456g 0.456g 

Site coefficient (Fa) 1.108 1.200 1.435 1.300 

Short Period design response acceleration (SDS) = SS x Fa 1.086g 1.176g 0.654g 0.592g 

1.0 second period spectral acceleration (S1) 0.28g 0.28g 0.11g 0.11g 

Site coefficient (Fv) 2.040 1.500 2.380 1.500 

1.0 second design response acceleration SD1 = S1 x Fv 0.571g 0.42g 0.262g 0.165g 

Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8 
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Segment 1B (MP 6.0 to 8.5, near 24th St to near 64th St): 

 

 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site Class D C D C 

Peak Ground Acceleration (PGA) 0.434g 0.434g 0.202g 0.202g 

FPGA 1.166 1.200 1.398 1.200 

Site-Adjusted Peak Ground Acceleration (AS) 0.506g 0.521g 0.282g 0.242g 

Short-period (0.2 second) spectral acceleration (SS) 0.988g 0.988g 0.455g 0.455g 

Site coefficient (Fa) 1.105 1.200 1.436 1.300 

Short Period design response acceleration (SDS) = SS x Fa 1.092g 1.186g 0.654g 0.592g 

1.0 second period spectral acceleration (S1) 0.284g 0.284g 0.11g 0.11g 

Site coefficient (Fv) 2.032 1.500 2.380 1.500 

1.0 second design response acceleration SD1 = S1 x Fv 0.577g 0.426g 0.262g 0.165g 

Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8 

 

 

Segment 2A (MP 8.5 to 10.0, near 64th St to near 46th St): 

 

 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site Class D C D C 

Peak Ground Acceleration (PGA) 0.431g 0.431g 0.2g 0.2g 

FPGA 1.169 1.200 1.400 1.200 

Site-Adjusted Peak Ground Acceleration (AS) 0.504g 0.517g 0.28g 0.24g 

Short-period (0.2 second) spectral acceleration (SS) 0.98g 0.98g 0.451g 0.451g 

Site coefficient (Fa) 1.108 1.200 1.439 1.300 

Short Period design response acceleration (SDS) = SS x Fa 1.086g 1.176g 0.649g 0.587g 

1.0 second period spectral acceleration (S1) 0.283g 0.283g 0.109g 0.109g 
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 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site coefficient (Fv) 2.034 1.500 2.382 1.500 

1.0 second design response acceleration SD1 = S1 x Fv 0.576g 0.425g 0.26g 0.164g 

Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8 

 

Segment 2B (MP 10.0 to 12.0, near 46th St to near 22nd St): 

 

 1,000 year RP 210 year RP 

 SEE SEE FEE FEE 

Parameter Value Value Value Value 

Site Class D C D C 

Peak Ground Acceleration (PGA) 0.422g 0.422g 0.198g 0.198g 

FPGA 1.178 1.200 1.403 1.202 

Site-Adjusted Peak Ground Acceleration (AS) 0.497g 0.506g 0.278g 0.238g 

Short-period (0.2 second) spectral acceleration (SS) 0.959g 0.959g 0.447g 0.447g 

Site coefficient (Fa) 1.116 1.200 1.442 1.300 

Short Period design response acceleration (SDS) = SS x Fa 1.071g 1.151g 0.645g 0.581g 

1.0 second period spectral acceleration (S1) 0.278g 0.278g 0.108g 0.108g 

Site coefficient (Fv) 2.044 1.500 2.385 1.500 

1.0 second design response acceleration SD1 = S1 x Fv 0.568g 0.417g 0.257g 0.162g 

Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8 

 

6.0 Attachments: 

No Name of document Tabs (if any) Pages 

1 Seismic Hazard I-405.xlsx Summary 1A-1, Summary 1A-2, Summary 
1B, Summary 2A, Summary 2B 

5 

2 Deagg – Data.pdf - 39 
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A B C D E F G H I J K L M N O P Q

FEE SEE

210 yrs 975 yrs

Parameter Period (sec) Sa (g) Sa (g) F Sa (g) F Sa (g) F Sa (g) F Sa (g)

PGA 0 0.207 0.438 1.393 0.288 1.162 0.509 1.200 0.248 1.200 0.526

Ss 0.2 0.467 1.000 1.427 0.666 1.100 1.100 1.300 0.607 1.200 1.200

S1 1 0.112 0.286 2.376 0.266 2.028 0.580 1.500 0.168 1.500 0.429

SEE SEE FEE FEE

Fpga Parameter Value Value Value Value

PGA PGA PGA PGA PGA PGA Site Class D C D C

Site Class 0.1 0.2 0.3 0.4 0.5 0.6 Peak Ground Acceleration (PGA) 0.438g 0.438g 0.207g 0.207g

A FPGA 1.162 1.200 1.393 1.200

B Site-Adjusted Peak Ground Acceleration (AS) 0.509g 0.526g 0.288g 0.248g

C 1.3 1.2 1.2 1.2 1.2 1.2 Short-period (0.2 second) spectral acceleration (SS) 1g 1g 0.467g 0.467g

D 1.6 1.4 1.3 1.2 1.1 1.1 Site coefficient (Fa) 1.100 1.200 1.427 1.300

E Short Period design response acceleration (SDS) = SS x Fa 1.1g 1.2g 0.666g 0.607g

1.0 second period spectral acceleration (S1) 0.286g 0.286g 0.112g 0.112g

Fa Site coefficient (Fv) 2.028 1.500 2.376 1.500

PGA PGA PGA PGA PGA PGA 1.0 second design response acceleration SD1 = S1 x Fv 0.58g 0.429g 0.266g 0.168g

Site Class 0.25 0.5 0.75 1 1.25 1.5 Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8

A

B

C 1.3 1.3 1.2 1.2 1.2 1.2

D 1.6 1.4 1.2 1.1 1 1

E

Fv

PGA PGA PGA PGA PGA PGA

Site Class 0.1 0.2 0.3 0.4 0.5 0.6

A

B

C 1.5 1.5 1.5 1.5 1.5 1.4

D 2.4 2.2 2 1.9 1.8 1.7

E

FEE SEE FEE SEE

210 yrs 975 yrs 210 yrs 975 yrs

975 year RP 210 year RP

B/C Boundary Site Class D Site Class C

Seismic Hazard I-405, Summary 1A-1
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A B C D E F G H I J K L M N O P Q

FEE SEE

210 yrs 975 yrs

Parameter Period (sec) Sa (g) Sa (g) F Sa (g) F Sa (g) F Sa (g) F Sa (g)

PGA 0 0.202 0.43 1.398 0.282 1.170 0.503 1.200 0.242 1.200 0.516

Ss 0.2 0.456 0.98 1.435 0.654 1.108 1.086 1.300 0.592 1.200 1.176

S1 1 0.110 0.28 2.380 0.262 2.040 0.571 1.500 0.165 1.500 0.420

SEE SEE FEE FEE

Fpga Parameter Value Value Value Value

PGA PGA PGA PGA PGA PGA Site Class D C D C

Site Class 0.1 0.2 0.3 0.4 0.5 0.6 Peak Ground Acceleration (PGA) 0.43g 0.43g 0.202g 0.202g

A FPGA 1.170 1.200 1.398 1.200

B Site-Adjusted Peak Ground Acceleration (AS) 0.503g 0.516g 0.282g 0.242g

C 1.3 1.2 1.2 1.2 1.2 1.2 Short-period (0.2 second) spectral acceleration (SS) 0.98g 0.98g 0.456g 0.456g

D 1.6 1.4 1.3 1.2 1.1 1.1 Site coefficient (Fa) 1.108 1.200 1.435 1.300

E Short Period design response acceleration (SDS) = SS x Fa 1.086g 1.176g 0.654g 0.592g

1.0 second period spectral acceleration (S1) 0.28g 0.28g 0.11g 0.11g

Fa Site coefficient (Fv) 2.040 1.500 2.380 1.500

PGA PGA PGA PGA PGA PGA 1.0 second design response acceleration SD1 = S1 x Fv 0.571g 0.42g 0.262g 0.165g

Site Class 0.25 0.5 0.75 1 1.25 1.5 Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8

A

B

C 1.3 1.3 1.2 1.2 1.2 1.2

D 1.6 1.4 1.2 1.1 1 1

E

Fv

PGA PGA PGA PGA PGA PGA

Site Class 0.1 0.2 0.3 0.4 0.5 0.6

A

B

C 1.5 1.5 1.5 1.5 1.5 1.4

D 2.4 2.2 2 1.9 1.8 1.7

E

975 year RP 210 year RP

FEE SEE FEE SEE

210 yrs 975 yrs 210 yrs 975 yrs

B/C Boundary Site Class D Site Class C

Seismic Hazard I-405, Summary 1A-2
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A B C D E F G H I J K L M N O P Q

FEE SEE

210 yrs 975 yrs

Parameter Period (sec) Sa (g) Sa (g) F Sa (g) F Sa (g) F Sa (g) F Sa (g)

PGA 0 0.202 0.434 1.398 0.282 1.166 0.506 1.200 0.242 1.200 0.521

Ss 0.2 0.455 0.988 1.436 0.654 1.105 1.092 1.300 0.592 1.200 1.186

S1 1 0.110 0.284 2.380 0.262 2.032 0.577 1.500 0.165 1.500 0.426

SEE SEE FEE FEE

Fpga Parameter Value Value Value Value

PGA PGA PGA PGA PGA PGA Site Class D C D C

Site Class 0.1 0.2 0.3 0.4 0.5 0.6 Peak Ground Acceleration (PGA) 0.434g 0.434g 0.202g 0.202g

A FPGA 1.166 1.200 1.398 1.200

B Site-Adjusted Peak Ground Acceleration (AS) 0.506g 0.521g 0.282g 0.242g

C 1.3 1.2 1.2 1.2 1.2 1.2 Short-period (0.2 second) spectral acceleration (SS) 0.988g 0.988g 0.455g 0.455g

D 1.6 1.4 1.3 1.2 1.1 1.1 Site coefficient (Fa) 1.105 1.200 1.436 1.300

E Short Period design response acceleration (SDS) = SS x Fa 1.092g 1.186g 0.654g 0.592g

1.0 second period spectral acceleration (S1) 0.284g 0.284g 0.11g 0.11g

Fa Site coefficient (Fv) 2.032 1.500 2.380 1.500

PGA PGA PGA PGA PGA PGA 1.0 second design response acceleration SD1 = S1 x Fv 0.577g 0.426g 0.262g 0.165g

Site Class 0.25 0.5 0.75 1 1.25 1.5 Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8

A

B

C 1.3 1.3 1.2 1.2 1.2 1.2

D 1.6 1.4 1.2 1.1 1 1

E

Fv

PGA PGA PGA PGA PGA PGA

Site Class 0.1 0.2 0.3 0.4 0.5 0.6

A

B

C 1.5 1.5 1.5 1.5 1.5 1.4

D 2.4 2.2 2 1.9 1.8 1.7

E

975 year RP 210 year RP

B/C Boundary Site Class

FEE

210 yrs

SEE

975 yrs

FEE SEE

210 yrs 975 yrs

Site Class D C

Seismic Hazard I-405, Summary 1B
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A B C D E F G H I J K L M N O P Q

FEE SEE

210 yrs 975 yrs

Parameter Period (sec) Sa (g) Sa (g) F Sa (g) F Sa (g) F Sa (g) F Sa (g)

PGA 0 0.200 0.431 1.400 0.280 1.169 0.504 1.200 0.240 1.200 0.517

Ss 0.2 0.451 0.98 1.439 0.649 1.108 1.086 1.300 0.587 1.200 1.176

S1 1 0.109 0.283 2.382 0.260 2.034 0.576 1.500 0.164 1.500 0.425

SEE SEE FEE FEE

Fpga Parameter Value Value Value Value

PGA PGA PGA PGA PGA PGA Site Class D C D C

Site Class 0.1 0.2 0.3 0.4 0.5 0.6 Peak Ground Acceleration (PGA) 0.431g 0.431g 0.2g 0.2g

A FPGA 1.169 1.200 1.400 1.200

B Site-Adjusted Peak Ground Acceleration (AS) 0.504g 0.517g 0.28g 0.24g

C 1.3 1.2 1.2 1.2 1.2 1.2 Short-period (0.2 second) spectral acceleration (SS) 0.98g 0.98g 0.451g 0.451g

D 1.6 1.4 1.3 1.2 1.1 1.1 Site coefficient (Fa) 1.108 1.200 1.439 1.300

E Short Period design response acceleration (SDS) = SS x Fa 1.086g 1.176g 0.649g 0.587g

1.0 second period spectral acceleration (S1) 0.283g 0.283g 0.109g 0.109g

Fa Site coefficient (Fv) 2.034 1.500 2.382 1.500

PGA PGA PGA PGA PGA PGA 1.0 second design response acceleration SD1 = S1 x Fv 0.576g 0.425g 0.26g 0.164g

Site Class 0.25 0.5 0.75 1 1.25 1.5 Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8

A

B

C 1.3 1.3 1.2 1.2 1.2 1.2

D 1.6 1.4 1.2 1.1 1 1

E

Fv

PGA PGA PGA PGA PGA PGA

Site Class 0.1 0.2 0.3 0.4 0.5 0.6

A

B

C 1.5 1.5 1.5 1.5 1.5 1.4

D 2.4 2.2 2 1.9 1.8 1.7

E

975 year RP 210 year RP

FEE SEE FEE SEE

210 yrs 975 yrs 210 yrs 975 yrs

B/C Boundary Site Class D Site Class C

Seismic Hazard I-405, Summary 2A
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39

A B C D E F G H I J K L M N O P Q

FEE SEE

210 yrs 975 yrs

Parameter Period (sec) Sa (g) Sa (g) F Sa (g) F Sa (g) F Sa (g) F Sa (g)

PGA 0 0.198 0.422 1.403 0.278 1.178 0.497 1.202 0.238 1.200 0.506

Ss 0.2 0.447 0.959 1.442 0.645 1.116 1.071 1.300 0.581 1.200 1.151

S1 1 0.108 0.278 2.383 0.258 2.044 0.568 1.500 0.163 1.500 0.417

SEE SEE FEE FEE

Fpga Parameter Value Value Value Value

PGA PGA PGA PGA PGA PGA Site Class D C D C

Site Class 0.1 0.2 0.3 0.4 0.5 0.6 Peak Ground Acceleration (PGA) 0.422g 0.422g 0.198g 0.198g

A FPGA 1.178 1.200 1.403 1.202

B Site-Adjusted Peak Ground Acceleration (AS) 0.497g 0.506g 0.278g 0.238g

C 1.3 1.2 1.2 1.2 1.2 1.2 Short-period (0.2 second) spectral acceleration (SS) 0.959g 0.959g 0.447g 0.447g

D 1.6 1.4 1.3 1.2 1.1 1.1 Site coefficient (Fa) 1.116 1.200 1.442 1.300

E Short Period design response acceleration (SDS) = SS x Fa 1.071g 1.151g 0.645g 0.581g

1.0 second period spectral acceleration (S1) 0.278g 0.278g 0.108g 0.108g

Fa Site coefficient (Fv) 2.044 1.500 2.383 1.500

PGA PGA PGA PGA PGA PGA 1.0 second design response acceleration SD1 = S1 x Fv 0.568g 0.417g 0.258g 0.163g

Site Class 0.25 0.5 0.75 1 1.25 1.5 Mean Earthquake Magnitude (Mw) 7 7 6.8 6.8

A

B

C 1.3 1.3 1.2 1.2 1.2 1.2

D 1.6 1.4 1.2 1.1 1 1

E

Fv

PGA PGA PGA PGA PGA PGA

Site Class 0.1 0.2 0.3 0.4 0.5 0.6

A

B

C 1.5 1.5 1.5 1.5 1.5 1.4

D 2.4 2.2 2 1.9 1.8 1.7

E

975 year RP 210 year RP

FEE SEE FEE SEE

210 yrs 975 yrs 210 yrs 975 yrs

B/C Boundary Site Class D Site Class C

Seismic Hazard I-405, Summary 2B



*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.44969844 g

Recovered targets: 

  Return period: 991.42674 yrs

  Exceedance rate: 0.0010086474 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.99

  r: 41.56 km

  ε₀: 0.85 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.48 km

  ε₀: 1.07 σ

  Contribution: 10.12 %

Mode (largest m-r-ε₀ bin): 

  m: 7.1

  r: 68.48 km

  ε₀: 1.2 σ

  Contribution: 5.17 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

250 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

210 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

190 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.5 0.005 0 0.004 0 0 0 0 0 0 0 0 0 0

190 8.7 0.006 0.004 0.002 0 0 0 0 0 0 0 0 0 0

170 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

Deagg - Report.xlsx, 1A-1 SEE Deagg 1 of 5 12/7/2020, 5:25 PM



*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.44969844 g

Recovered targets: 

  Return period: 991.42674 yrs

  Exceedance rate: 0.0010086474 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.99

  r: 41.56 km

  ε₀: 0.85 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.48 km

  ε₀: 1.07 σ

  Contribution: 10.12 %

Mode (largest m-r-ε₀ bin): 

  m: 7.1

  r: 68.48 km

  ε₀: 1.2 σ

  Contribution: 5.17 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

170 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

170 8.1 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

170 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

170 8.5 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

170 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

150 7.1 0.005 0 0.005 0 0 0 0 0 0 0 0 0 0

150 7.3 0.003 0.001 0.002 0 0 0 0 0 0 0 0 0 0

150 7.5 0.003 0 0.003 0 0 0 0 0 0 0 0 0 0

150 7.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

150 7.9 0.002 0 0.001 0 0 0 0 0 0 0 0 0 0

150 8.1 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

150 8.3 0.004 0.003 0.001 0 0 0 0 0 0 0 0 0 0

150 8.5 0.009 0 0.008 0.001 0 0 0 0 0 0 0 0 0

150 8.7 0.236 0 0.235 0 0 0 0 0 0 0 0 0 0

150 9.1 0.234 0.234 0 0 0 0 0 0 0 0 0 0 0

130 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0

130 6.9 0.007 0.007 0 0 0 0 0 0 0 0 0 0 0

130 7.1 0.046 0.018 0.028 0 0 0 0 0 0 0 0 0 0

130 7.3 0.013 0.001 0.01 0.001 0 0 0 0 0 0 0 0 0

130 7.5 0.012 0 0.007 0.005 0.001 0 0 0 0 0 0 0 0

130 7.7 0.003 0 0.002 0 0 0 0 0 0 0 0 0 0

130 7.9 0.006 0.001 0.002 0.002 0.001 0 0 0 0 0 0 0 0

130 8.1 0.008 0.007 0.001 0 0 0 0 0 0 0 0 0 0

130 8.3 0.006 0 0.006 0 0 0 0 0 0 0 0 0 0

130 8.5 0.09 0.058 0.032 0 0 0 0 0 0 0 0 0 0

130 8.7 0.764 0.764 0 0 0 0 0 0 0 0 0 0 0

130 8.9 0.874 0.874 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.44969844 g

Recovered targets: 

  Return period: 991.42674 yrs

  Exceedance rate: 0.0010086474 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.99

  r: 41.56 km

  ε₀: 0.85 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.48 km

  ε₀: 1.07 σ

  Contribution: 10.12 %

Mode (largest m-r-ε₀ bin): 

  m: 7.1

  r: 68.48 km

  ε₀: 1.2 σ

  Contribution: 5.17 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

130 9.1 1.402 0.759 0.639 0.004 0 0 0 0 0 0 0 0 0

110 6.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

110 6.7 0.017 0.001 0.016 0 0 0 0 0 0 0 0 0 0

110 6.9 0.1 0.054 0.047 0 0 0 0 0 0 0 0 0 0

110 7.1 0.292 0.045 0.214 0.033 0 0 0 0 0 0 0 0 0

110 7.3 0.056 0.001 0.037 0.016 0.002 0 0 0 0 0 0 0 0

110 7.5 0.044 0.012 0.027 0.005 0 0 0 0 0 0 0 0 0

110 7.7 0.009 0 0.005 0.003 0 0 0 0 0 0 0 0 0

110 7.9 0.01 0.002 0.007 0.001 0 0 0 0 0 0 0 0 0

110 8.1 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

110 8.3 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

110 8.5 0.004 0 0.003 0 0 0 0 0 0 0 0 0 0

110 8.7 0.001 0.001 0.001 0 0 0 0 0 0 0 0 0 0

90 6.3 0.009 0.009 0 0 0 0 0 0 0 0 0 0 0

90 6.5 0.097 0.025 0.072 0 0 0 0 0 0 0 0 0 0

90 6.7 0.375 0.024 0.254 0.098 0 0 0 0 0 0 0 0 0

90 6.9 0.967 0.448 0.475 0.045 0 0 0 0 0 0 0 0 0

90 7.1 1.84 0.296 1.227 0.304 0.012 0 0 0 0 0 0 0 0

90 7.3 0.256 0.007 0.147 0.092 0.01 0 0 0 0 0 0 0 0

90 7.5 0.185 0.045 0.118 0.021 0 0 0 0 0 0 0 0 0

90 7.7 0.032 0 0.021 0.011 0 0 0 0 0 0 0 0 0

90 7.9 0.037 0 0.008 0.02 0.003 0.006 0 0 0 0 0 0 0

90 8.1 0.017 0.017 0 0 0 0 0 0 0 0 0 0 0

90 8.3 0.012 0.012 0 0 0 0 0 0 0 0 0 0 0

90 8.5 0.123 0.114 0.007 0.001 0 0 0 0 0 0 0 0 0

90 8.7 0.104 0.102 0.002 0 0 0 0 0 0 0 0 0 0

90 8.9 1.636 1.59 0.047 0 0 0 0 0 0 0 0 0 0

90 9.1 1.841 1.763 0.077 0 0 0 0 0 0 0 0 0 0

90 9.3 2.634 2.393 0.241 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.44969844 g

Recovered targets: 

  Return period: 991.42674 yrs

  Exceedance rate: 0.0010086474 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.99

  r: 41.56 km

  ε₀: 0.85 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.48 km

  ε₀: 1.07 σ

  Contribution: 10.12 %

Mode (largest m-r-ε₀ bin): 

  m: 7.1

  r: 68.48 km

  ε₀: 1.2 σ

  Contribution: 5.17 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

70 5.9 0.023 0.023 0 0 0 0 0 0 0 0 0 0 0

70 6.1 0.204 0.053 0.151 0 0 0 0 0 0 0 0 0 0

70 6.3 0.71 0.032 0.515 0.163 0 0 0 0 0 0 0 0 0

70 6.5 1.719 0.814 0.819 0.087 0 0 0 0 0 0 0 0 0

70 6.7 3.514 0.714 2.248 0.534 0.019 0 0 0 0 0 0 0 0

70 6.9 6.229 0.433 3.794 1.877 0.125 0 0 0 0 0 0 0 0

70 7.1 10.12 4.228 5.166 0.725 0 0 0 0 0 0 0 0 0

70 7.3 1.393 0.283 0.834 0.266 0.01 0 0 0 0 0 0 0 0

70 7.5 0.856 0.479 0.344 0.032 0 0 0 0 0 0 0 0 0

70 7.7 0.153 0.037 0.092 0.024 0 0 0 0 0 0 0 0 0

70 7.9 0.148 0.014 0.064 0.063 0.006 0 0 0 0 0 0 0 0

50 5.7 0 0 0 0 0 0 0 0 0 0 0 0 0

50 5.9 0.021 0.021 0 0 0 0 0 0 0 0 0 0 0

50 6.1 0.131 0.079 0.052 0 0 0 0 0 0 0 0 0 0

50 6.3 0.325 0.073 0.244 0.008 0 0 0 0 0 0 0 0 0

50 6.5 0.697 0.604 0.093 0 0 0 0 0 0 0 0 0 0

50 6.7 1.298 0.791 0.506 0 0 0 0 0 0 0 0 0 0

50 6.9 2.346 0.625 1.675 0.045 0.002 0 0 0 0 0 0 0 0

50 7.1 4.003 0.139 3.491 0.365 0.008 0 0 0 0 0 0 0 0

50 7.3 0.561 0.364 0.181 0.003 0.013 0 0 0 0 0 0 0 0

50 7.5 0.347 0.01 0.326 0.005 0.005 0 0 0 0 0 0 0 0

50 7.7 0.067 0.046 0.018 0 0.003 0.001 0 0 0 0 0 0 0

50 7.9 0.054 0.021 0.027 0.004 0 0.001 0 0 0 0 0 0 0

30 5.1 0 0 0 0 0 0 0 0 0 0 0 0 0

30 5.3 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

30 5.5 0.008 0.008 0 0 0 0 0 0 0 0 0 0 0

30 5.7 0.019 0.019 0 0 0 0 0 0 0 0 0 0 0

30 5.9 0.038 0.008 0.029 0 0 0 0 0 0 0 0 0 0

30 6.1 0.06 0.025 0.035 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.44969844 g

Recovered targets: 

  Return period: 991.42674 yrs

  Exceedance rate: 0.0010086474 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.99

  r: 41.56 km

  ε₀: 0.85 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.48 km

  ε₀: 1.07 σ

  Contribution: 10.12 %

Mode (largest m-r-ε₀ bin): 

  m: 7.1

  r: 68.48 km

  ε₀: 1.2 σ

  Contribution: 5.17 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

30 6.3 0.121 0.003 0.083 0.035 0 0 0 0 0 0 0 0 0

30 6.5 0.235 0.041 0.154 0.041 0 0 0 0 0 0 0 0 0

30 6.7 0.386 0.004 0.15 0.197 0.035 0 0 0 0 0 0 0 0

30 6.9 0.418 0 0.263 0.129 0.026 0 0 0 0 0 0 0 0

30 7.1 0.354 0.027 0.19 0.119 0.018 0 0 0 0 0 0 0 0

30 7.3 0.294 0.046 0.125 0.117 0.006 0 0 0 0 0 0 0 0

30 7.5 0.23 0.002 0.029 0.133 0.066 0 0 0 0 0 0 0 0

30 7.7 0.074 0.002 0.015 0.05 0.007 0 0 0 0 0 0 0 0

30 7.9 0.012 0 0.001 0.005 0.006 0 0 0 0 0 0 0 0

10 5.1 1.227 0.308 0.571 0.288 0.059 0 0 0 0 0 0 0 0

10 5.3 1.494 0.596 0.6 0.239 0.059 0 0 0 0 0 0 0 0

10 5.5 1.859 0.286 0.828 0.482 0.21 0.053 0 0 0 0 0 0 0

10 5.7 1.823 0.055 0.438 0.729 0.403 0.162 0.036 0 0 0 0 0 0

10 5.9 1.748 0.082 0.569 0.673 0.263 0.148 0.013 0 0 0 0 0 0

10 6.1 2.345 0.286 1.034 0.606 0.257 0.161 0 0 0 0 0 0 0

10 6.3 2.406 0.036 0.61 0.92 0.455 0.339 0.046 0 0 0 0 0 0

10 6.5 5.665 0.45 1.361 2.111 0.865 0.551 0.301 0.025 0 0 0 0 0

10 6.7 8.546 1.017 3.124 2.535 1.003 0.616 0.241 0.011 0 0 0 0 0

10 6.9 9.157 2.089 3.379 2.334 0.817 0.424 0.115 0 0 0 0 0 0

10 7.1 8.043 3.651 2.604 1.063 0.401 0.258 0.065 0 0 0 0 0 0

10 7.3 3.177 1.401 1.028 0.307 0.237 0.179 0.025 0 0 0 0 0 0

10 7.5 0.763 0 0.302 0.209 0.092 0.105 0.054 0.001 0 0 0 0 0

10 7.7 0.102 0 0.027 0.026 0.025 0.016 0.008 0 0 0 0 0 0

10 7.9 0.021 0.004 0.006 0.006 0.003 0.001 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

410 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

390 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

330 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

330 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.5 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

290 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

290 8.9 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

270 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

270 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

270 8.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

250 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

250 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.5 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

250 8.7 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

230 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

230 8.3 0.001 0 0 0 0 0 0 0 0 0 0 0 0

230 8.5 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

230 8.7 0.002 0.002 0.001 0 0 0 0 0 0 0 0 0 0

210 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.1 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

210 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

210 7.9 0.001 0 0 0.001 0 0 0 0 0 0 0 0 0

210 8.1 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

210 8.3 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

210 8.5 0.008 0.006 0.002 0 0 0 0 0 0 0 0 0 0

210 8.7 0.008 0 0.007 0 0 0 0 0 0 0 0 0 0

190 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 6.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.1 0.007 0.004 0.003 0 0 0 0 0 0 0 0 0 0

190 7.3 0.002 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 8.1 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

190 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

190 8.5 0.025 0.001 0.024 0 0 0 0 0 0 0 0 0 0

190 8.7 0.02 0.012 0.008 0 0 0 0 0 0 0 0 0 0

170 6.5 0 0 0 0 0 0 0 0 0 0 0 0 0

170 6.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

170 6.9 0.008 0.003 0.005 0 0 0 0 0 0 0 0 0 0

170 7.1 0.024 0.003 0.02 0.001 0 0 0 0 0 0 0 0 0

170 7.3 0.005 0 0.004 0.001 0 0 0 0 0 0 0 0 0

170 7.5 0.004 0.001 0.002 0 0 0 0 0 0 0 0 0 0

170 7.7 0.001 0 0 0 0 0 0 0 0 0 0 0 0

170 7.9 0.002 0 0.001 0.001 0 0 0 0 0 0 0 0 0

170 8.1 0.003 0.001 0.002 0 0 0 0 0 0 0 0 0 0

170 8.3 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

170 8.5 0.006 0.005 0.001 0 0 0 0 0 0 0 0 0 0

170 8.7 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

150 6.3 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

150 6.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 6.7 0.009 0.002 0.007 0 0 0 0 0 0 0 0 0 0

150 6.9 0.029 0.001 0.026 0.003 0 0 0 0 0 0 0 0 0

150 7.1 0.074 0 0.047 0.022 0.004 0 0 0 0 0 0 0 0

150 7.3 0.013 0.004 0.007 0.002 0 0 0 0 0 0 0 0 0

150 7.5 0.009 0 0.007 0.001 0 0 0 0 0 0 0 0 0

150 7.7 0.002 0 0.001 0 0 0 0 0 0 0 0 0 0

150 7.9 0.004 0 0.001 0.001 0.001 0 0 0 0 0 0 0 0

150 8.1 0.006 0.004 0.002 0 0 0 0 0 0 0 0 0 0

150 8.3 0.013 0.008 0.004 0 0 0 0 0 0 0 0 0 0

150 8.5 0.024 0 0.018 0.005 0 0 0 0 0 0 0 0 0

150 8.7 0.505 0.001 0.499 0 0.005 0 0 0 0 0 0 0 0

150 9.1 0.383 0.372 0.011 0 0 0 0 0 0 0 0 0 0

130 6.1 0 0 0 0 0 0 0 0 0 0 0 0 0

130 6.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

130 6.5 0.013 0.002 0.011 0 0 0 0 0 0 0 0 0 0

130 6.7 0.045 0.001 0.037 0.007 0 0 0 0 0 0 0 0 0

130 6.9 0.119 0.002 0.067 0.044 0.007 0 0 0 0 0 0 0 0

130 7.1 0.223 0.07 0.122 0.03 0.001 0 0 0 0 0 0 0 0

130 7.3 0.036 0.003 0.024 0.008 0.001 0 0 0 0 0 0 0 0

130 7.5 0.024 0 0.012 0.009 0.002 0 0 0 0 0 0 0 0

130 7.7 0.004 0 0.003 0.001 0 0 0 0 0 0 0 0 0

130 7.9 0.011 0 0.001 0.003 0.005 0.002 0 0 0 0 0 0 0

130 8.1 0.019 0 0.018 0 0 0 0 0 0 0 0 0 0

130 8.3 0.012 0.006 0.006 0 0 0 0 0 0 0 0 0 0

130 8.5 0.154 0.121 0.028 0.004 0 0 0 0 0 0 0 0 0

130 8.7 1.132 1.087 0.003 0.041 0 0 0 0 0 0 0 0 0

130 8.9 1.194 1.135 0.059 0 0 0 0 0 0 0 0 0 0

130 9.1 1.621 1.48 0.141 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

110 5.9 0 0 0 0 0 0 0 0 0 0 0 0 0

110 6.1 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

110 6.3 0.034 0.014 0.02 0 0 0 0 0 0 0 0 0 0

110 6.5 0.1 0.012 0.072 0.015 0 0 0 0 0 0 0 0 0

110 6.7 0.237 0.003 0.142 0.084 0.008 0 0 0 0 0 0 0 0

110 6.9 0.451 0.166 0.238 0.047 0 0 0 0 0 0 0 0 0

110 7.1 0.755 0.102 0.497 0.147 0.009 0 0 0 0 0 0 0 0

110 7.3 0.097 0.003 0.057 0.033 0.004 0 0 0 0 0 0 0 0

110 7.5 0.06 0.016 0.034 0.008 0 0.001 0 0 0 0 0 0 0

110 7.7 0.01 0 0.007 0.002 0 0 0 0 0 0 0 0 0

110 7.9 0.01 0 0.002 0.006 0.001 0.001 0 0 0 0 0 0 0

110 8.1 0.004 0.003 0.001 0 0 0 0 0 0 0 0 0 0

110 8.3 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

110 8.5 0.005 0.001 0.004 0 0 0 0 0 0 0 0 0 0

110 8.7 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

90 5.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

90 5.9 0.035 0.004 0.031 0 0 0 0 0 0 0 0 0 0

90 6.1 0.129 0.001 0.087 0.041 0 0 0 0 0 0 0 0 0

90 6.3 0.333 0.129 0.189 0.016 0 0 0 0 0 0 0 0 0

90 6.5 0.69 0.107 0.462 0.119 0.002 0 0 0 0 0 0 0 0

90 6.7 1.23 0.044 0.74 0.411 0.035 0 0 0 0 0 0 0 0

90 6.9 1.983 0.789 1.063 0.13 0.001 0 0 0 0 0 0 0 0

90 7.1 2.692 0.402 1.795 0.483 0.008 0.004 0 0 0 0 0 0 0

90 7.3 0.289 0.007 0.166 0.102 0.006 0.003 0.005 0 0 0 0 0 0

90 7.5 0.167 0.043 0.102 0.014 0 0.006 0.002 0 0 0 0 0 0

90 7.7 0.026 0.001 0.015 0.007 0.001 0.002 0 0 0 0 0 0 0

90 7.9 0.028 0 0.006 0.011 0.001 0.009 0 0.001 0 0 0 0 0

90 8.1 0.024 0.022 0.002 0 0 0 0 0 0 0 0 0 0

90 8.3 0.015 0.007 0.007 0.001 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

90 8.5 0.135 0.118 0.001 0.015 0 0 0 0 0 0 0 0 0

90 8.7 0.106 0.092 0.013 0 0 0 0 0 0 0 0 0 0

90 8.9 1.52 1.292 0.228 0 0 0 0 0 0 0 0 0 0

90 9.1 1.598 0.695 0.623 0.28 0 0 0 0 0 0 0 0 0

90 9.3 2.012 1.528 0.483 0 0 0 0 0 0 0 0 0 0

70 5.1 0.006 0.006 0 0 0 0 0 0 0 0 0 0 0

70 5.3 0.031 0.002 0.029 0 0 0 0 0 0 0 0 0 0

70 5.5 0.113 0.056 0.057 0 0 0 0 0 0 0 0 0 0

70 5.7 0.305 0.012 0.238 0.055 0 0 0 0 0 0 0 0 0

70 5.9 0.655 0.335 0.295 0.025 0 0 0 0 0 0 0 0 0

70 6.1 1.302 0.327 0.792 0.183 0 0 0 0 0 0 0 0 0

70 6.3 2.24 0.144 1.419 0.652 0.024 0.001 0 0 0 0 0 0 0

70 6.5 3.478 1.619 1.624 0.23 0 0.005 0 0 0 0 0 0 0

70 6.7 5.006 1.196 2.96 0.827 0.012 0.001 0.01 0 0 0 0 0 0

70 6.9 6.533 0.403 3.931 2.051 0.124 0.013 0.011 0 0 0 0 0 0

70 7.1 8.063 3.701 3.841 0.485 0 0.031 0.005 0 0 0 0 0 0

70 7.3 0.906 0.201 0.506 0.153 0.006 0.013 0.027 0 0 0 0 0 0

70 7.5 0.459 0.004 0.25 0.173 0.009 0 0.016 0.006 0 0 0 0 0

70 7.7 0.07 0.02 0.037 0.008 0.002 0.004 0 0 0 0 0 0 0

70 7.9 0.056 0.008 0.022 0.022 0.002 0 0.001 0 0 0 0 0 0

50 5.1 0.006 0.006 0 0 0 0 0 0 0 0 0 0 0

50 5.3 0.021 0.004 0.016 0 0 0 0 0 0 0 0 0 0

50 5.5 0.054 0.043 0.011 0 0 0 0 0 0 0 0 0 0

50 5.7 0.114 0.026 0.083 0.006 0 0 0 0 0 0 0 0 0

50 5.9 0.21 0.19 0.007 0.013 0 0 0 0 0 0 0 0 0

50 6.1 0.486 0.318 0.134 0.015 0.018 0 0 0 0 0 0 0 0

50 6.3 0.761 0.196 0.496 0.002 0.049 0.019 0 0 0 0 0 0 0

50 6.5 1.135 0.053 0.931 0.046 0.023 0.07 0.012 0 0 0 0 0 0

50 6.7 1.522 1.006 0.39 0.057 0.064 0.005 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

50 6.9 2.042 0.669 1.22 0 0.105 0.047 0.001 0 0 0 0 0 0

50 7.1 2.665 0.27 2.118 0.081 0.039 0.14 0.018 0 0 0 0 0 0

50 7.3 0.426 0.223 0.041 0.001 0.088 0.073 0.001 0 0 0 0 0 0

50 7.5 0.206 0.026 0.111 0.004 0.048 0.017 0 0 0 0 0 0 0

50 7.7 0.036 0.001 0.017 0.004 0 0.005 0.008 0.001 0 0 0 0 0

50 7.9 0.021 0 0.008 0.008 0 0 0.002 0.001 0 0 0 0 0

30 5.1 0.116 0.012 0.068 0.036 0 0 0 0 0 0 0 0 0

30 5.3 0.184 0.046 0.1 0.038 0 0 0 0 0 0 0 0 0

30 5.5 0.311 0.005 0.134 0.139 0.033 0 0 0 0 0 0 0 0

30 5.7 0.397 0.052 0.199 0.123 0.023 0 0 0 0 0 0 0 0

30 5.9 0.481 0.146 0.22 0.104 0.012 0 0 0 0 0 0 0 0

30 6.1 0.566 0.002 0.254 0.228 0.079 0.003 0 0 0 0 0 0 0

30 6.3 0.698 0.119 0.344 0.197 0.037 0 0 0 0 0 0 0 0

30 6.5 1.018 0.008 0.346 0.456 0.198 0.009 0 0 0 0 0 0 0

30 6.7 1.254 0.059 0.666 0.405 0.122 0.002 0 0 0 0 0 0 0

30 6.9 1.137 0.135 0.646 0.31 0.046 0 0 0 0 0 0 0 0

30 7.1 0.891 0.006 0.247 0.366 0.268 0.005 0 0 0 0 0 0 0

30 7.3 0.694 0.017 0.15 0.383 0.143 0 0 0 0 0 0 0 0

30 7.5 0.479 0 0.014 0.136 0.305 0.024 0 0 0 0 0 0 0

30 7.7 0.128 0.001 0.007 0.064 0.056 0 0 0 0 0 0 0 0

30 7.9 0.016 0 0.003 0.01 0.003 0 0 0 0 0 0 0 0

10 5.1 2.194 0.304 0.839 0.596 0.35 0.094 0.012 0 0 0 0 0 0

10 5.3 2.457 0.064 0.702 0.837 0.491 0.298 0.065 0 0 0 0 0 0

10 5.5 2.673 0.047 0.333 0.95 0.665 0.459 0.215 0.004 0 0 0 0 0

10 5.7 2.383 0.106 0.522 0.733 0.532 0.41 0.079 0 0 0 0 0 0

10 5.9 2.058 0.013 0.165 0.554 0.584 0.453 0.286 0.004 0 0 0 0 0

10 6.1 2.318 0.037 0.466 0.643 0.466 0.617 0.089 0 0 0 0 0 0

10 6.3 2.086 0.007 0.087 0.595 0.489 0.489 0.415 0.006 0 0 0 0 0

10 6.5 3.255 0.049 0.272 0.939 0.578 0.588 0.611 0.217 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.242°W

latitude: 47.465°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20695706 g

Recovered targets: 

  Return period: 210.83704 yrs

  Exceedance rate: 0.0047429997 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.03 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.5 km

  ε₀: 0.06 σ

  Contribution: 8.06 %

Mode (largest m-r-ε₀ bin): 

  m: 6.91

  r: 64.54 km

  ε₀: 0.26 σ

  Contribution: 3.93 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

10 6.7 4.182 0.121 0.704 1.349 0.633 0.656 0.58 0.139 0 0 0 0 0

10 6.9 3.86 0.331 0.981 1.127 0.582 0.5 0.307 0.033 0 0 0 0 0

10 7.1 2.978 0.696 0.702 0.837 0.27 0.268 0.204 0.001 0 0 0 0 0

10 7.3 1.251 0.361 0.186 0.257 0.163 0.184 0.101 0 0 0 0 0 0

10 7.5 0.319 0.072 0.039 0.067 0.054 0.065 0.022 0 0 0 0 0 0

10 7.7 0.047 0.005 0.005 0.014 0.01 0.012 0.001 0 0 0 0 0 0

10 7.9 0.009 0.001 0.001 0.003 0.003 0.002 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.43892961 g

Recovered targets: 

  Return period: 996.05432 yrs

  Exceedance rate: 0.0010039613 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.98

  r: 40.67 km

  ε₀: 0.81 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.53 km

  ε₀: 1.04 σ

  Contribution: 10.21 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 3.44 km

  ε₀: -0.82 σ

  Contribution: 5.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

270 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.5 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

210 8.7 0.005 0.003 0.001 0 0 0 0 0 0 0 0 0 0

190 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

170 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.3 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.43892961 g

Recovered targets: 

  Return period: 996.05432 yrs

  Exceedance rate: 0.0010039613 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.98

  r: 40.67 km

  ε₀: 0.81 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.53 km

  ε₀: 1.04 σ

  Contribution: 10.21 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 3.44 km

  ε₀: -0.82 σ

  Contribution: 5.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

170 7.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

170 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.9 0.001 0 0 0.001 0 0 0 0 0 0 0 0 0

170 8.1 0.001 0.001 0.001 0 0 0 0 0 0 0 0 0 0

170 8.3 0.004 0.003 0.001 0 0 0 0 0 0 0 0 0 0

170 8.5 0.009 0.007 0.002 0 0 0 0 0 0 0 0 0 0

170 8.7 0.228 0.228 0 0 0 0 0 0 0 0 0 0 0

170 9.1 0.229 0.229 0 0 0 0 0 0 0 0 0 0 0

150 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

150 7.1 0.006 0 0.006 0 0 0 0 0 0 0 0 0 0

150 7.3 0.003 0.002 0.002 0 0 0 0 0 0 0 0 0 0

150 7.5 0.004 0 0.004 0 0 0 0 0 0 0 0 0 0

150 7.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

150 7.9 0.001 0 0.001 0.001 0 0 0 0 0 0 0 0 0

150 8.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 8.5 0.002 0 0.002 0 0 0 0 0 0 0 0 0 0

150 8.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

130 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0

130 6.9 0.009 0 0.009 0 0 0 0 0 0 0 0 0 0

130 7.1 0.058 0.028 0.03 0 0 0 0 0 0 0 0 0 0

130 7.3 0.016 0.002 0.012 0.001 0 0 0 0 0 0 0 0 0

130 7.5 0.014 0 0.008 0.005 0.001 0 0 0 0 0 0 0 0

130 7.7 0.003 0 0.002 0 0 0 0 0 0 0 0 0 0

130 7.9 0.006 0.001 0.002 0.002 0 0 0 0 0 0 0 0 0

130 8.1 0.008 0 0.007 0.001 0 0 0 0 0 0 0 0 0

130 8.3 0.006 0 0.006 0 0 0 0 0 0 0 0 0 0

130 8.5 0.087 0.057 0.03 0 0 0 0 0 0 0 0 0 0

130 8.7 0.747 0.747 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.43892961 g

Recovered targets: 

  Return period: 996.05432 yrs

  Exceedance rate: 0.0010039613 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.98

  r: 40.67 km

  ε₀: 0.81 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.53 km

  ε₀: 1.04 σ

  Contribution: 10.21 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 3.44 km

  ε₀: -0.82 σ

  Contribution: 5.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

130 8.9 0.858 0.858 0 0 0 0 0 0 0 0 0 0 0

130 9.1 1.384 0.746 0.635 0.003 0 0 0 0 0 0 0 0 0

110 6.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

110 6.7 0.025 0.001 0.024 0 0 0 0 0 0 0 0 0 0

110 6.9 0.126 0.072 0.054 0 0 0 0 0 0 0 0 0 0

110 7.1 0.352 0.072 0.242 0.038 0 0 0 0 0 0 0 0 0

110 7.3 0.067 0.003 0.045 0.017 0.002 0 0 0 0 0 0 0 0

110 7.5 0.053 0.017 0.03 0.006 0 0 0 0 0 0 0 0 0

110 7.7 0.01 0 0.007 0.003 0 0 0 0 0 0 0 0 0

110 7.9 0.012 0 0.002 0.008 0.001 0.001 0 0 0 0 0 0 0

110 8.1 0.003 0.003 0.001 0 0 0 0 0 0 0 0 0 0

110 8.3 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

110 8.5 0.005 0.001 0.004 0 0 0 0 0 0 0 0 0 0

110 8.7 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

90 6.1 0 0 0 0 0 0 0 0 0 0 0 0 0

90 6.3 0.013 0.013 0 0 0 0 0 0 0 0 0 0 0

90 6.5 0.124 0.046 0.078 0 0 0 0 0 0 0 0 0 0

90 6.7 0.44 0.031 0.319 0.09 0 0 0 0 0 0 0 0 0

90 6.9 1.015 0.485 0.481 0.049 0 0 0 0 0 0 0 0 0

90 7.1 2.134 0.472 1.37 0.284 0.008 0 0 0 0 0 0 0 0

90 7.3 0.314 0.01 0.193 0.103 0.008 0 0 0 0 0 0 0 0

90 7.5 0.199 0.061 0.12 0.019 0 0 0 0 0 0 0 0 0

90 7.7 0.037 0.001 0.025 0.011 0 0 0 0 0 0 0 0 0

90 7.9 0.04 0 0.011 0.022 0.002 0.004 0.002 0 0 0 0 0 0

90 8.1 0.015 0.015 0 0 0 0 0 0 0 0 0 0 0

90 8.3 0.01 0.01 0 0 0 0 0 0 0 0 0 0 0

90 8.5 0.113 0.099 0.014 0.001 0 0 0 0 0 0 0 0 0

90 8.7 0.097 0.096 0.001 0 0 0 0 0 0 0 0 0 0

90 8.9 1.555 1.518 0.037 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.43892961 g

Recovered targets: 

  Return period: 996.05432 yrs

  Exceedance rate: 0.0010039613 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.98

  r: 40.67 km

  ε₀: 0.81 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.53 km

  ε₀: 1.04 σ

  Contribution: 10.21 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 3.44 km

  ε₀: -0.82 σ

  Contribution: 5.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

90 9.1 1.758 1.693 0.064 0 0 0 0 0 0 0 0 0 0

90 9.3 2.534 2.324 0.21 0 0 0 0 0 0 0 0 0 0

70 5.9 0.029 0.029 0 0 0 0 0 0 0 0 0 0 0

70 6.1 0.229 0.078 0.151 0 0 0 0 0 0 0 0 0 0

70 6.3 0.76 0.072 0.542 0.146 0 0 0 0 0 0 0 0 0

70 6.5 1.794 0.942 0.782 0.07 0 0 0 0 0 0 0 0 0

70 6.7 3.545 0.951 2.085 0.497 0.012 0 0 0 0 0 0 0 0

70 6.9 6.364 0.522 3.924 1.769 0.149 0 0 0 0 0 0 0 0

70 7.1 10.214 5.062 4.565 0.587 0 0 0 0 0 0 0 0 0

70 7.3 1.408 0.342 0.85 0.213 0.003 0 0 0 0 0 0 0 0

70 7.5 0.856 0.002 0.486 0.335 0.033 0 0 0 0 0 0 0 0

70 7.7 0.158 0.043 0.093 0.021 0 0 0 0 0 0 0 0 0

70 7.9 0.151 0.018 0.066 0.062 0.004 0 0 0 0 0 0 0 0

50 5.7 0 0 0 0 0 0 0 0 0 0 0 0 0

50 5.9 0.015 0.015 0 0 0 0 0 0 0 0 0 0 0

50 6.1 0.097 0.061 0.037 0 0 0 0 0 0 0 0 0 0

50 6.3 0.238 0.056 0.183 0 0 0 0 0 0 0 0 0 0

50 6.5 0.521 0.463 0.058 0 0 0 0 0 0 0 0 0 0

50 6.7 1.058 0.634 0.423 0 0 0 0 0 0 0 0 0 0

50 6.9 1.92 0.514 1.404 0.002 0 0 0 0 0 0 0 0 0

50 7.1 3.258 0.128 2.884 0.236 0.01 0 0 0 0 0 0 0 0

50 7.3 0.447 0.308 0.123 0.004 0.012 0 0 0 0 0 0 0 0

50 7.5 0.314 0.023 0.278 0.008 0.005 0 0 0 0 0 0 0 0

50 7.7 0.057 0.001 0.042 0.01 0.001 0.003 0.001 0 0 0 0 0 0

50 7.9 0.047 0.019 0.024 0.002 0.001 0.001 0 0 0 0 0 0 0

30 5.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

30 5.3 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

30 5.5 0.012 0.012 0 0 0 0 0 0 0 0 0 0 0

30 5.7 0.025 0 0.025 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.43892961 g

Recovered targets: 

  Return period: 996.05432 yrs

  Exceedance rate: 0.0010039613 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.32 %

Mean (over all sources): 

  m: 6.98

  r: 40.67 km

  ε₀: 0.81 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.53 km

  ε₀: 1.04 σ

  Contribution: 10.21 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 3.44 km

  ε₀: -0.82 σ

  Contribution: 5.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

30 5.9 0.042 0.009 0.032 0 0 0 0 0 0 0 0 0 0

30 6.1 0.069 0.032 0.037 0 0 0 0 0 0 0 0 0 0

30 6.3 0.147 0.011 0.101 0.035 0 0 0 0 0 0 0 0 0

30 6.5 0.246 0.055 0.143 0.048 0 0 0 0 0 0 0 0 0

30 6.7 0.32 0 0.087 0.186 0.046 0 0 0 0 0 0 0 0

30 6.9 0.385 0.011 0.142 0.208 0.024 0 0 0 0 0 0 0 0

30 7.1 0.414 0.044 0.191 0.163 0.015 0 0 0 0 0 0 0 0

30 7.3 0.44 0.001 0.064 0.284 0.089 0.003 0 0 0 0 0 0 0

30 7.5 0.344 0.003 0.092 0.228 0.021 0 0 0 0 0 0 0 0

30 7.7 0.104 0.003 0.057 0.043 0.001 0 0 0 0 0 0 0 0

30 7.9 0.014 0 0.002 0.009 0.003 0 0 0 0 0 0 0 0

10 5.1 1.319 0.362 0.56 0.314 0.083 0 0 0 0 0 0 0 0

10 5.3 1.581 0.082 0.568 0.659 0.213 0.061 0 0 0 0 0 0 0

10 5.5 1.943 0.027 0.393 0.714 0.571 0.194 0.045 0 0 0 0 0 0

10 5.7 1.906 0.059 0.515 0.71 0.411 0.184 0.027 0 0 0 0 0 0

10 5.9 1.843 0.121 0.663 0.59 0.297 0.161 0.01 0 0 0 0 0 0

10 6.1 2.45 0.364 1.07 0.506 0.387 0.123 0 0 0 0 0 0 0

10 6.3 2.507 0.076 0.729 0.842 0.497 0.319 0.045 0 0 0 0 0 0

10 6.5 5.487 0.679 1.303 1.72 0.901 0.584 0.271 0.029 0 0 0 0 0

10 6.7 8.003 1.536 2.251 2.32 0.971 0.642 0.269 0.014 0 0 0 0 0

10 6.9 9.056 3.667 2.24 1.645 0.872 0.494 0.138 0 0 0 0 0 0

10 7.1 8.612 0.192 5.131 1.829 0.644 0.459 0.259 0.098 0 0 0 0 0

10 7.3 3.443 1.248 0.867 0.582 0.246 0.285 0.19 0.025 0 0 0 0 0

10 7.5 0.886 0.277 0.146 0.138 0.088 0.1 0.135 0.002 0 0 0 0 0

10 7.7 0.138 0.009 0.02 0.027 0.025 0.025 0.032 0 0 0 0 0 0

10 7.9 0.025 0.002 0.002 0.006 0.006 0.005 0.003 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

410 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

390 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

330 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

330 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.5 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 8.9 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

290 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

290 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

270 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

270 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.5 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

270 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

250 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

250 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.5 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

250 8.7 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

230 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

230 8.1 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

230 8.3 0.001 0 0 0 0 0 0 0 0 0 0 0 0

230 8.5 0.004 0.003 0.001 0 0 0 0 0 0 0 0 0 0

230 8.7 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

210 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.1 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

210 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

210 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.9 0.001 0 0 0 0 0 0 0 0 0 0 0 0

210 8.1 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

210 8.3 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

210 8.5 0.026 0.022 0.004 0 0 0 0 0 0 0 0 0 0

210 8.7 0.023 0.011 0.012 0 0 0 0 0 0 0 0 0 0

190 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 6.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.1 0.007 0.005 0.002 0 0 0 0 0 0 0 0 0 0

190 7.3 0.002 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 8.1 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

190 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

190 8.5 0.004 0.002 0.002 0 0 0 0 0 0 0 0 0 0

190 8.7 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

170 6.5 0 0 0 0 0 0 0 0 0 0 0 0 0

170 6.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

170 6.9 0.009 0.004 0.005 0 0 0 0 0 0 0 0 0 0

170 7.1 0.025 0.004 0.021 0.001 0 0 0 0 0 0 0 0 0

170 7.3 0.005 0 0.004 0.001 0 0 0 0 0 0 0 0 0

170 7.5 0.004 0.001 0.002 0 0 0 0 0 0 0 0 0 0

170 7.7 0.001 0 0 0 0 0 0 0 0 0 0 0 0

170 7.9 0.003 0 0.001 0.002 0.001 0 0 0 0 0 0 0 0

170 8.1 0.006 0.003 0.003 0 0 0 0 0 0 0 0 0 0

170 8.3 0.012 0.008 0.004 0 0 0 0 0 0 0 0 0 0

170 8.5 0.024 0.019 0.006 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

170 8.7 0.498 0.493 0.005 0 0 0 0 0 0 0 0 0 0

170 9.1 0.378 0.368 0.01 0 0 0 0 0 0 0 0 0 0

150 6.3 0 0 0 0 0 0 0 0 0 0 0 0 0

150 6.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 6.7 0.011 0.003 0.008 0 0 0 0 0 0 0 0 0 0

150 6.9 0.035 0.003 0.03 0.003 0 0 0 0 0 0 0 0 0

150 7.1 0.085 0.001 0.058 0.021 0.005 0 0 0 0 0 0 0 0

150 7.3 0.015 0.006 0.007 0.002 0 0 0 0 0 0 0 0 0

150 7.5 0.011 0 0.008 0.002 0 0 0 0 0 0 0 0 0

150 7.7 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

150 7.9 0.003 0 0.001 0.002 0 0 0 0 0 0 0 0 0

150 8.1 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

150 8.3 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

150 8.5 0.004 0.001 0.003 0 0 0 0 0 0 0 0 0 0

150 8.7 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

130 6.1 0 0 0 0 0 0 0 0 0 0 0 0 0

130 6.3 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

130 6.5 0.016 0.005 0.012 0 0 0 0 0 0 0 0 0 0

130 6.7 0.055 0.004 0.045 0.007 0 0 0 0 0 0 0 0 0

130 6.9 0.142 0.001 0.09 0.043 0.007 0 0 0 0 0 0 0 0

130 7.1 0.263 0.092 0.137 0.033 0.001 0 0 0 0 0 0 0 0

130 7.3 0.041 0.005 0.027 0.009 0.001 0 0 0 0 0 0 0 0

130 7.5 0.026 0 0.015 0.009 0.002 0 0 0 0 0 0 0 0

130 7.7 0.005 0 0.004 0.001 0 0 0 0 0 0 0 0 0

130 7.9 0.012 0 0.002 0.002 0.005 0.002 0 0 0 0 0 0 0

130 8.1 0.018 0 0.017 0 0 0 0 0 0 0 0 0 0

130 8.3 0.012 0.006 0.006 0 0 0 0 0 0 0 0 0 0

130 8.5 0.151 0.12 0.027 0 0.004 0 0 0 0 0 0 0 0

130 8.7 1.119 1.077 0.003 0.039 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

130 8.9 1.183 1.126 0.056 0 0 0 0 0 0 0 0 0 0

130 9.1 1.61 1.474 0.135 0 0 0 0 0 0 0 0 0 0

110 5.9 0 0 0 0 0 0 0 0 0 0 0 0 0

110 6.1 0.006 0 0.006 0 0 0 0 0 0 0 0 0 0

110 6.3 0.039 0.019 0.02 0 0 0 0 0 0 0 0 0 0

110 6.5 0.124 0.02 0.086 0.018 0 0 0 0 0 0 0 0 0

110 6.7 0.293 0.007 0.185 0.094 0.007 0 0 0 0 0 0 0 0

110 6.9 0.53 0.001 0.236 0.246 0.046 0 0 0 0 0 0 0 0

110 7.1 0.873 0.162 0.545 0.161 0.006 0 0 0 0 0 0 0 0

110 7.3 0.113 0.006 0.07 0.035 0.002 0.001 0 0 0 0 0 0 0

110 7.5 0.07 0 0.023 0.038 0.007 0 0.001 0 0 0 0 0 0

110 7.7 0.011 0 0.008 0.002 0 0 0 0 0 0 0 0 0

110 7.9 0.012 0 0.003 0.006 0.002 0.001 0 0 0 0 0 0 0

110 8.1 0.005 0.004 0.001 0 0 0 0 0 0 0 0 0 0

110 8.3 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

110 8.5 0.006 0.001 0.004 0 0 0 0 0 0 0 0 0 0

110 8.7 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

90 5.5 0 0 0 0 0 0 0 0 0 0 0 0 0

90 5.7 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

90 5.9 0.041 0.008 0.033 0 0 0 0 0 0 0 0 0 0

90 6.1 0.16 0.005 0.111 0.044 0 0 0 0 0 0 0 0 0

90 6.3 0.384 0.163 0.204 0.017 0 0 0 0 0 0 0 0 0

90 6.5 0.786 0.165 0.511 0.108 0.003 0 0 0 0 0 0 0 0

90 6.7 1.357 0.049 0.854 0.43 0.023 0 0 0 0 0 0 0 0

90 6.9 2.05 0.004 0.905 1.013 0.127 0.001 0 0 0 0 0 0 0

90 7.1 3.015 0.648 1.907 0.452 0.003 0 0.006 0 0 0 0 0 0

90 7.3 0.342 0.016 0.209 0.1 0.005 0.005 0.006 0 0 0 0 0 0

90 7.5 0.18 0 0.052 0.104 0.012 0 0.011 0.001 0 0 0 0 0

90 7.7 0.029 0.002 0.017 0.006 0.002 0.002 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

90 7.9 0.029 0 0.007 0.012 0.001 0.008 0 0.001 0 0 0 0 0

90 8.1 0.021 0.019 0.002 0 0 0 0 0 0 0 0 0 0

90 8.3 0.013 0.006 0.006 0.001 0 0 0 0 0 0 0 0 0

90 8.5 0.127 0.107 0.007 0.011 0.001 0 0 0 0 0 0 0 0

90 8.7 0.101 0.089 0.012 0 0 0 0 0 0 0 0 0 0

90 8.9 1.471 1.265 0.015 0.192 0 0 0 0 0 0 0 0 0

90 9.1 1.552 0.683 0.612 0.257 0 0 0 0 0 0 0 0 0

90 9.3 1.966 1.511 0.455 0 0 0 0 0 0 0 0 0 0

70 5.1 0.008 0.008 0 0 0 0 0 0 0 0 0 0 0

70 5.3 0.037 0.004 0.032 0 0 0 0 0 0 0 0 0 0

70 5.5 0.126 0.065 0.061 0 0 0 0 0 0 0 0 0 0

70 5.7 0.328 0.03 0.246 0.052 0 0 0 0 0 0 0 0 0

70 5.9 0.69 0.401 0.268 0.022 0 0 0 0 0 0 0 0 0

70 6.1 1.337 0.405 0.781 0.151 0 0 0 0 0 0 0 0 0

70 6.3 2.287 0.171 1.494 0.593 0.027 0.002 0 0 0 0 0 0 0

70 6.5 3.501 1.715 1.62 0.159 0 0.007 0 0 0 0 0 0 0

70 6.7 4.919 1.381 2.813 0.712 0.003 0.011 0 0 0 0 0 0 0

70 6.9 6.555 0.554 4.013 1.862 0.1 0.015 0.01 0 0 0 0 0 0

70 7.1 7.926 3.933 3.624 0.33 0.001 0.034 0.004 0 0 0 0 0 0

70 7.3 0.891 0.249 0.483 0.114 0.018 0.026 0 0 0 0 0 0 0

70 7.5 0.456 0.006 0.254 0.164 0.006 0.001 0.02 0.005 0 0 0 0 0

70 7.7 0.071 0 0.022 0.036 0.007 0.002 0.004 0 0 0 0 0 0

70 7.9 0.057 0.009 0.023 0.021 0.002 0 0.001 0 0 0 0 0 0

50 5.1 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

50 5.3 0.014 0.004 0.01 0 0 0 0 0 0 0 0 0 0

50 5.5 0.037 0.033 0.004 0 0 0 0 0 0 0 0 0 0

50 5.7 0.079 0.024 0.048 0.007 0 0 0 0 0 0 0 0 0

50 5.9 0.146 0.13 0.002 0.015 0 0 0 0 0 0 0 0 0

50 6.1 0.37 0.251 0.077 0.022 0.021 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

50 6.3 0.582 0.168 0.332 0.004 0.06 0.018 0 0 0 0 0 0 0

50 6.5 0.877 0.048 0.699 0.012 0.036 0.072 0.01 0 0 0 0 0 0

50 6.7 1.266 0.873 0.261 0.065 0.064 0.004 0 0 0 0 0 0 0

50 6.9 1.684 0.624 0.904 0.001 0.113 0.042 0 0 0 0 0 0 0

50 7.1 2.174 0.217 1.719 0.043 0.051 0.132 0.013 0 0 0 0 0 0

50 7.3 0.355 0.185 0.02 0.001 0.087 0.063 0 0 0 0 0 0 0

50 7.5 0.196 0.032 0.09 0.008 0.055 0.012 0 0 0 0 0 0 0

50 7.7 0.033 0.002 0.015 0.002 0 0.007 0.008 0 0 0 0 0 0

50 7.9 0.018 0 0.007 0.007 0 0.003 0.001 0 0 0 0 0 0

30 5.1 0.153 0.023 0.09 0.04 0 0 0 0 0 0 0 0 0

30 5.3 0.238 0.066 0.132 0.04 0 0 0 0 0 0 0 0 0

30 5.5 0.39 0.009 0.201 0.147 0.033 0 0 0 0 0 0 0 0

30 5.7 0.463 0.069 0.245 0.124 0.025 0 0 0 0 0 0 0 0

30 5.9 0.516 0.16 0.237 0.108 0.01 0 0 0 0 0 0 0 0

30 6.1 0.603 0.005 0.286 0.234 0.077 0.001 0 0 0 0 0 0 0

30 6.3 0.768 0.17 0.364 0.205 0.028 0 0 0 0 0 0 0 0

30 6.5 1.073 0.012 0.346 0.504 0.202 0.009 0 0 0 0 0 0 0

30 6.7 1.206 0.062 0.435 0.579 0.13 0.001 0 0 0 0 0 0 0

30 6.9 1.15 0.126 0.614 0.376 0.035 0 0 0 0 0 0 0 0

30 7.1 1.021 0.017 0.2 0.572 0.229 0.002 0 0 0 0 0 0 0

30 7.3 0.888 0.027 0.335 0.435 0.092 0 0 0 0 0 0 0 0

30 7.5 0.557 0.001 0.044 0.359 0.147 0.006 0 0 0 0 0 0 0

30 7.7 0.141 0.001 0.031 0.094 0.015 0 0 0 0 0 0 0 0

30 7.9 0.017 0 0.005 0.01 0.001 0 0 0 0 0 0 0 0

10 5.1 2.234 0.381 0.731 0.671 0.341 0.107 0.003 0 0 0 0 0 0

10 5.3 2.481 0.127 0.58 0.989 0.455 0.302 0.027 0 0 0 0 0 0

10 5.5 2.682 0.147 0.295 0.885 0.691 0.53 0.133 0.002 0 0 0 0 0

10 5.7 2.406 0.009 0.133 0.523 0.743 0.518 0.45 0.03 0 0 0 0 0

10 5.9 2.112 0.014 0.209 0.52 0.638 0.466 0.264 0.002 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.198°W

latitude: 47.528°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.20157954 g

Recovered targets: 

  Return period: 211.39571 yrs

  Exceedance rate: 0.0047304651 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.7 %

Mean (over all sources): 

  m: 6.84

  r: 52.34 km

  ε₀: 0.4 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.51 km

  ε₀: 0.03 σ

  Contribution: 7.93 %

Mode (largest m-r-ε₀ bin): 

  m: 6.9

  r: 65.24 km

  ε₀: 0.26 σ

  Contribution: 4.01 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

10 6.1 2.37 0.064 0.516 0.603 0.521 0.577 0.089 0 0 0 0 0 0

10 6.3 2.101 0.01 0.156 0.549 0.492 0.556 0.337 0.002 0 0 0 0 0

10 6.5 3.136 0.084 0.364 0.69 0.595 0.581 0.628 0.194 0 0 0 0 0

10 6.7 3.971 0.258 0.661 0.988 0.653 0.692 0.553 0.167 0 0 0 0 0

10 6.9 3.791 0.6 0.8 0.869 0.556 0.562 0.364 0.04 0 0 0 0 0

10 7.1 3.078 0.954 0.574 0.723 0.299 0.285 0.242 0 0 0 0 0 0

10 7.3 1.304 0.368 0.189 0.268 0.157 0.205 0.117 0 0 0 0 0 0

10 7.5 0.414 0.012 0.06 0.041 0.068 0.058 0.088 0.087 0 0 0 0 0

10 7.7 0.079 0.001 0.004 0.005 0.014 0.011 0.032 0.012 0 0 0 0 0

10 7.9 0.012 0.001 0.001 0.003 0.003 0.004 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.4249943 g

Recovered targets: 

  Return period: 998.36008 yrs

  Exceedance rate: 0.0010016426 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.34 %

Mean (over all sources): 

  m: 6.98

  r: 42.36 km

  ε₀: 0.9 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.62 km

  ε₀: 1 σ

  Contribution: 10.63 %

Mode (largest m-r-ε₀ bin): 

  m: 7.12

  r: 63.21 km

  ε₀: 0.8 σ

  Contribution: 5.86 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

270 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

230 8.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

230 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

210 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 8.5 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

210 8.7 0.005 0.003 0.002 0 0 0 0 0 0 0 0 0 0

190 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

190 8.5 0.001 0.001 0.001 0 0 0 0 0 0 0 0 0 0

190 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.4249943 g

Recovered targets: 

  Return period: 998.36008 yrs

  Exceedance rate: 0.0010016426 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.34 %

Mean (over all sources): 

  m: 6.98

  r: 42.36 km

  ε₀: 0.9 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.62 km

  ε₀: 1 σ

  Contribution: 10.63 %

Mode (largest m-r-ε₀ bin): 

  m: 7.12

  r: 63.21 km

  ε₀: 0.8 σ

  Contribution: 5.86 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

170 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.3 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

170 7.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

170 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

170 7.9 0.001 0 0 0.001 0 0 0 0 0 0 0 0 0

170 8.1 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

170 8.3 0.004 0.003 0.001 0 0 0 0 0 0 0 0 0 0

170 8.5 0.009 0.008 0.001 0 0 0 0 0 0 0 0 0 0

170 8.7 0.24 0.24 0 0 0 0 0 0 0 0 0 0 0

170 9.1 0.24 0.24 0 0 0 0 0 0 0 0 0 0 0

150 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

150 7.1 0.008 0 0.008 0 0 0 0 0 0 0 0 0 0

150 7.3 0.004 0.003 0.002 0 0 0 0 0 0 0 0 0 0

150 7.5 0.004 0 0.004 0 0 0 0 0 0 0 0 0 0

150 7.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

150 7.9 0.002 0 0.001 0.001 0 0 0 0 0 0 0 0 0

150 8.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 8.5 0.002 0 0.002 0 0 0 0 0 0 0 0 0 0

150 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

130 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0

130 6.9 0.014 0.001 0.013 0 0 0 0 0 0 0 0 0 0

130 7.1 0.073 0.04 0.034 0 0 0 0 0 0 0 0 0 0

130 7.3 0.02 0.004 0.014 0.001 0 0 0 0 0 0 0 0 0

130 7.5 0.017 0 0.012 0.005 0.001 0 0 0 0 0 0 0 0

130 7.7 0.004 0 0.003 0 0 0 0 0 0 0 0 0 0

130 7.9 0.007 0 0.002 0.002 0.002 0.001 0 0 0 0 0 0 0

130 8.1 0.009 0 0.007 0.001 0 0 0 0 0 0 0 0 0

130 8.3 0.006 0 0.006 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.4249943 g

Recovered targets: 

  Return period: 998.36008 yrs

  Exceedance rate: 0.0010016426 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.34 %

Mean (over all sources): 

  m: 6.98

  r: 42.36 km

  ε₀: 0.9 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.62 km

  ε₀: 1 σ

  Contribution: 10.63 %

Mode (largest m-r-ε₀ bin): 

  m: 7.12

  r: 63.21 km

  ε₀: 0.8 σ

  Contribution: 5.86 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

130 8.5 0.092 0.06 0.031 0 0 0 0 0 0 0 0 0 0

130 8.7 0.785 0.785 0 0 0 0 0 0 0 0 0 0 0

130 8.9 0.9 0.9 0 0 0 0 0 0 0 0 0 0 0

130 9.1 1.449 0.777 0.668 0.004 0 0 0 0 0 0 0 0 0

110 6.5 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

110 6.7 0.038 0.003 0.035 0 0 0 0 0 0 0 0 0 0

110 6.9 0.159 0 0.101 0.058 0 0 0 0 0 0 0 0 0

110 7.1 0.412 0.102 0.273 0.038 0 0 0 0 0 0 0 0 0

110 7.3 0.08 0.005 0.057 0.017 0.002 0 0 0 0 0 0 0 0

110 7.5 0.061 0 0.026 0.03 0.005 0 0 0 0 0 0 0 0

110 7.7 0.012 0 0.009 0.003 0 0 0 0 0 0 0 0 0

110 7.9 0.014 0 0.003 0.008 0.002 0.001 0 0 0 0 0 0 0

110 8.1 0.005 0.004 0.001 0 0 0 0 0 0 0 0 0 0

110 8.3 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

110 8.5 0.006 0.002 0.004 0 0 0 0 0 0 0 0 0 0

110 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

90 6.1 0 0 0 0 0 0 0 0 0 0 0 0 0

90 6.3 0.017 0.017 0 0 0 0 0 0 0 0 0 0 0

90 6.5 0.139 0.052 0.087 0 0 0 0 0 0 0 0 0 0

90 6.7 0.506 0.031 0.381 0.094 0 0 0 0 0 0 0 0 0

90 6.9 1.2 0.674 0.487 0.039 0 0 0 0 0 0 0 0 0

90 7.1 2.423 0.7 1.442 0.275 0.006 0 0 0 0 0 0 0 0

90 7.3 0.363 0.028 0.235 0.095 0.006 0 0 0 0 0 0 0 0

90 7.5 0.227 0.082 0.127 0.017 0 0 0 0 0 0 0 0 0

90 7.7 0.041 0.002 0.03 0.009 0 0 0 0 0 0 0 0 0

90 7.9 0.044 0 0.013 0.025 0.001 0.003 0.001 0 0 0 0 0 0

90 8.1 0.013 0.013 0 0 0 0 0 0 0 0 0 0 0

90 8.3 0.009 0.009 0 0 0 0 0 0 0 0 0 0 0

90 8.5 0.112 0.098 0.013 0.001 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.4249943 g

Recovered targets: 

  Return period: 998.36008 yrs

  Exceedance rate: 0.0010016426 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.34 %

Mean (over all sources): 

  m: 6.98

  r: 42.36 km

  ε₀: 0.9 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.62 km

  ε₀: 1 σ

  Contribution: 10.63 %

Mode (largest m-r-ε₀ bin): 

  m: 7.12

  r: 63.21 km

  ε₀: 0.8 σ

  Contribution: 5.86 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

90 8.7 0.097 0.096 0.001 0 0 0 0 0 0 0 0 0 0

90 8.9 1.57 1.534 0.036 0 0 0 0 0 0 0 0 0 0

90 9.1 1.777 1.714 0.062 0 0 0 0 0 0 0 0 0 0

90 9.3 2.566 2.359 0.207 0 0 0 0 0 0 0 0 0 0

70 5.7 0 0 0 0 0 0 0 0 0 0 0 0 0

70 5.9 0.038 0.038 0 0 0 0 0 0 0 0 0 0 0

70 6.1 0.264 0.111 0.153 0 0 0 0 0 0 0 0 0 0

70 6.3 0.834 0.111 0.576 0.148 0 0 0 0 0 0 0 0 0

70 6.5 1.942 1.125 0.759 0.058 0 0 0 0 0 0 0 0 0

70 6.7 3.85 1.274 2.156 0.412 0.009 0 0 0 0 0 0 0 0

70 6.9 6.597 0.669 4.245 1.584 0.099 0 0 0 0 0 0 0 0

70 7.1 10.63 5.861 4.28 0.489 0 0 0 0 0 0 0 0 0

70 7.3 1.412 0.403 0.825 0.185 0 0 0 0 0 0 0 0 0

70 7.5 0.868 0.01 0.52 0.317 0.021 0 0 0 0 0 0 0 0

70 7.7 0.161 0.053 0.091 0.016 0 0 0 0 0 0 0 0 0

70 7.9 0.155 0.023 0.07 0.059 0.003 0 0 0 0 0 0 0 0

50 5.7 0 0 0 0 0 0 0 0 0 0 0 0 0

50 5.9 0.016 0.016 0 0 0 0 0 0 0 0 0 0 0

50 6.1 0.089 0.056 0.033 0 0 0 0 0 0 0 0 0 0

50 6.3 0.214 0.056 0.157 0 0 0 0 0 0 0 0 0 0

50 6.5 0.454 0.022 0.394 0.037 0 0 0 0 0 0 0 0 0

50 6.7 0.837 0.596 0.24 0.001 0 0 0 0 0 0 0 0 0

50 6.9 1.725 0.588 1.133 0.004 0 0 0 0 0 0 0 0 0

50 7.1 2.872 0.185 2.496 0.178 0 0.013 0 0 0 0 0 0 0

50 7.3 0.432 0.326 0.086 0.007 0.013 0 0 0 0 0 0 0 0

50 7.5 0.297 0.031 0.251 0 0.01 0.005 0 0 0 0 0 0 0

50 7.7 0.054 0.001 0.043 0.005 0.001 0.003 0 0 0 0 0 0 0

50 7.9 0.043 0.019 0.022 0.001 0.001 0 0 0 0 0 0 0 0

30 5.1 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 975 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 975 yrs

  Exceedance rate: 0.001025641 yr⁻¹

  PGA ground motion: 0.4249943 g

Recovered targets: 

  Return period: 998.36008 yrs

  Exceedance rate: 0.0010016426 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.34 %

Mean (over all sources): 

  m: 6.98

  r: 42.36 km

  ε₀: 0.9 σ

Mode (largest m-r bin): 

  m: 7.11

  r: 66.62 km

  ε₀: 1 σ

  Contribution: 10.63 %

Mode (largest m-r-ε₀ bin): 

  m: 7.12

  r: 63.21 km

  ε₀: 0.8 σ

  Contribution: 5.86 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

30 5.3 0.007 0.007 0 0 0 0 0 0 0 0 0 0 0

30 5.5 0.019 0.019 0 0 0 0 0 0 0 0 0 0 0

30 5.7 0.038 0.003 0.035 0 0 0 0 0 0 0 0 0 0

30 5.9 0.057 0.019 0.038 0 0 0 0 0 0 0 0 0 0

30 6.1 0.101 0.059 0.041 0 0 0 0 0 0 0 0 0 0

30 6.3 0.188 0.021 0.13 0.036 0 0 0 0 0 0 0 0 0

30 6.5 0.292 0.085 0.163 0.045 0 0 0 0 0 0 0 0 0

30 6.7 0.373 0.001 0.144 0.175 0.053 0 0 0 0 0 0 0 0

30 6.9 0.365 0.01 0.169 0.156 0.029 0 0 0 0 0 0 0 0

30 7.1 0.426 0.034 0.247 0.134 0.012 0 0 0 0 0 0 0 0

30 7.3 0.409 0.001 0.083 0.253 0.071 0.001 0 0 0 0 0 0 0

30 7.5 0.233 0.004 0.096 0.118 0.015 0 0 0 0 0 0 0 0

30 7.7 0.065 0.004 0.046 0.014 0.001 0 0 0 0 0 0 0 0

30 7.9 0.011 0 0.002 0.007 0.002 0 0 0 0 0 0 0 0

10 5.1 1.486 0.56 0.57 0.28 0.075 0 0 0 0 0 0 0 0

10 5.3 1.781 0.215 0.708 0.507 0.285 0.066 0 0 0 0 0 0 0

10 5.5 2.166 0.109 0.528 0.681 0.559 0.249 0.04 0 0 0 0 0 0

10 5.7 2.103 0.18 0.617 0.634 0.442 0.215 0.015 0 0 0 0 0 0

10 5.9 2.007 0.306 0.629 0.554 0.368 0.143 0.007 0 0 0 0 0 0

10 6.1 2.614 0.619 0.884 0.645 0.357 0.109 0 0 0 0 0 0 0

10 6.3 2.665 0.098 0.87 0.769 0.596 0.309 0.022 0 0 0 0 0 0

10 6.5 4.789 0.233 0.774 1.702 1.127 0.607 0.326 0.021 0 0 0 0 0

10 6.7 6.527 0.604 1.47 2.127 1.312 0.706 0.303 0.005 0 0 0 0 0

10 6.9 8 2.072 2.004 2.082 0.942 0.703 0.196 0 0 0 0 0 0

10 7.1 8.265 3.839 1.966 1.331 0.529 0.495 0.104 0 0 0 0 0 0

10 7.3 3.775 1.847 0.77 0.32 0.336 0.475 0.028 0 0 0 0 0 0

10 7.5 1.332 0.104 0.31 0.175 0.073 0.27 0.399 0 0 0 0 0 0

10 7.7 0.274 0.005 0.026 0.031 0.023 0.114 0.074 0 0 0 0 0 0

10 7.9 0.037 0.002 0.003 0.007 0.008 0.013 0.005 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

410 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

390 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

370 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

350 8.7 0 0 0 0 0 0 0 0 0 0 0 0 0

330 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

330 8.5 0 0 0 0 0 0 0 0 0 0 0 0 0

330 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

310 8.5 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

310 8.9 0.003 0.003 0 0 0 0 0 0 0 0 0 0 0

290 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

290 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

290 8.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

290 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

270 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

270 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

270 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.1 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

270 8.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

270 8.7 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

250 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

250 7.9 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.1 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

250 8.3 0 0 0 0 0 0 0 0 0 0 0 0 0

250 8.5 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

250 8.7 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

230 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.1 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

230 7.9 0.001 0 0 0.001 0 0 0 0 0 0 0 0 0

230 8.1 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

230 8.3 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

230 8.5 0.006 0.005 0.001 0 0 0 0 0 0 0 0 0 0

230 8.7 0.006 0.004 0.002 0 0 0 0 0 0 0 0 0 0

210 6.9 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.1 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

210 7.3 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.5 0 0 0 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

210 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

210 7.9 0.001 0 0 0 0 0 0 0 0 0 0 0 0

210 8.1 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

210 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

210 8.5 0.022 0 0.019 0.003 0 0 0 0 0 0 0 0 0

210 8.7 0.018 0.01 0.008 0 0 0 0 0 0 0 0 0 0

190 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 6.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.1 0.007 0.005 0.002 0 0 0 0 0 0 0 0 0 0

190 7.3 0.001 0.001 0.001 0 0 0 0 0 0 0 0 0 0

190 7.5 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 7.7 0 0 0 0 0 0 0 0 0 0 0 0 0

190 7.9 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

190 8.1 0.002 0.002 0.001 0 0 0 0 0 0 0 0 0 0

190 8.3 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

190 8.5 0.005 0.002 0.002 0 0 0 0 0 0 0 0 0 0

190 8.7 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

170 6.5 0 0 0 0 0 0 0 0 0 0 0 0 0

170 6.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

170 6.9 0.01 0.005 0.005 0 0 0 0 0 0 0 0 0 0

170 7.1 0.026 0.004 0.021 0.001 0 0 0 0 0 0 0 0 0

170 7.3 0.005 0 0.004 0.001 0 0 0 0 0 0 0 0 0

170 7.5 0.004 0.002 0.002 0 0 0 0 0 0 0 0 0 0

170 7.7 0.001 0 0.001 0 0 0 0 0 0 0 0 0 0

170 7.9 0.003 0 0.001 0.002 0.001 0 0 0 0 0 0 0 0

170 8.1 0.006 0.003 0.003 0 0 0 0 0 0 0 0 0 0

170 8.3 0.012 0.008 0.004 0 0 0 0 0 0 0 0 0 0

170 8.5 0.023 0.018 0.005 0 0 0 0 0 0 0 0 0 0

170 8.7 0.493 0.489 0.004 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

170 9.1 0.376 0.366 0.01 0 0 0 0 0 0 0 0 0 0

150 6.3 0 0 0 0 0 0 0 0 0 0 0 0 0

150 6.5 0.001 0.001 0 0 0 0 0 0 0 0 0 0 0

150 6.7 0.012 0.004 0.008 0 0 0 0 0 0 0 0 0 0

150 6.9 0.038 0.004 0.032 0.003 0 0 0 0 0 0 0 0 0

150 7.1 0.092 0 0.067 0.02 0.005 0 0 0 0 0 0 0 0

150 7.3 0.016 0.007 0.007 0.002 0 0 0 0 0 0 0 0 0

150 7.5 0.011 0 0.008 0.002 0 0 0 0 0 0 0 0 0

150 7.7 0.002 0.001 0.001 0 0 0 0 0 0 0 0 0 0

150 7.9 0.003 0 0.001 0.001 0 0 0 0 0 0 0 0 0

150 8.1 0.003 0.002 0.001 0 0 0 0 0 0 0 0 0 0

150 8.3 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

150 8.5 0.004 0.001 0.003 0 0 0 0 0 0 0 0 0 0

150 8.7 0.002 0.001 0 0 0 0 0 0 0 0 0 0 0

130 6.1 0 0 0 0 0 0 0 0 0 0 0 0 0

130 6.3 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

130 6.5 0.02 0.007 0.013 0 0 0 0 0 0 0 0 0 0

130 6.7 0.066 0.004 0.054 0.008 0 0 0 0 0 0 0 0 0

130 6.9 0.162 0.003 0.104 0.047 0.008 0 0 0 0 0 0 0 0

130 7.1 0.293 0.115 0.143 0.035 0.001 0 0 0 0 0 0 0 0

130 7.3 0.046 0.007 0.03 0.009 0.001 0 0 0 0 0 0 0 0

130 7.5 0.03 0 0.018 0.01 0.002 0 0 0 0 0 0 0 0

130 7.7 0.005 0 0.004 0.001 0 0 0 0 0 0 0 0 0

130 7.9 0.012 0 0.002 0.002 0.005 0.002 0 0 0 0 0 0 0

130 8.1 0.018 0.001 0.017 0 0 0 0 0 0 0 0 0 0

130 8.3 0.012 0.006 0.005 0 0 0 0 0 0 0 0 0 0

130 8.5 0.15 0.119 0.027 0 0.004 0 0 0 0 0 0 0 0

130 8.7 1.116 1.075 0.003 0.038 0 0 0 0 0 0 0 0 0

130 8.9 1.181 1.125 0.055 0 0 0 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

130 9.1 1.608 1.475 0.133 0 0 0 0 0 0 0 0 0 0

110 5.9 0 0 0 0 0 0 0 0 0 0 0 0 0

110 6.1 0.008 0 0.008 0 0 0 0 0 0 0 0 0 0

110 6.3 0.047 0.023 0.024 0 0 0 0 0 0 0 0 0 0

110 6.5 0.143 0.029 0.096 0.017 0 0 0 0 0 0 0 0 0

110 6.7 0.336 0.008 0.227 0.093 0.008 0 0 0 0 0 0 0 0

110 6.9 0.594 0.001 0.28 0.268 0.045 0 0 0 0 0 0 0 0

110 7.1 0.939 0.197 0.587 0.149 0.004 0 0 0 0 0 0 0 0

110 7.3 0.124 0.007 0.08 0.034 0.002 0.001 0 0 0 0 0 0 0

110 7.5 0.074 0 0.028 0.038 0.007 0 0.001 0 0 0 0 0 0

110 7.7 0.012 0 0.009 0.002 0 0 0 0 0 0 0 0 0

110 7.9 0.013 0 0.004 0.006 0.002 0.001 0 0 0 0 0 0 0

110 8.1 0.007 0.006 0.001 0 0 0 0 0 0 0 0 0 0

110 8.3 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

110 8.5 0.008 0.003 0.004 0 0 0 0 0 0 0 0 0 0

110 8.7 0.002 0.002 0 0 0 0 0 0 0 0 0 0 0

90 5.5 0 0 0 0 0 0 0 0 0 0 0 0 0

90 5.7 0.007 0.007 0 0 0 0 0 0 0 0 0 0 0

90 5.9 0.055 0.016 0.039 0 0 0 0 0 0 0 0 0 0

90 6.1 0.17 0.005 0.124 0.042 0 0 0 0 0 0 0 0 0

90 6.3 0.4 0.183 0.2 0.017 0 0 0 0 0 0 0 0 0

90 6.5 0.785 0.162 0.516 0.105 0.002 0 0 0 0 0 0 0 0

90 6.7 1.414 0.082 0.928 0.383 0.022 0 0 0 0 0 0 0 0

90 6.9 2.204 0.003 1.054 1.027 0.118 0.002 0 0 0 0 0 0 0

90 7.1 3.182 0.751 1.974 0.443 0.006 0 0.007 0 0 0 0 0 0

90 7.3 0.371 0.022 0.235 0.095 0.005 0.009 0.005 0 0 0 0 0 0

90 7.5 0.196 0 0.065 0.102 0.014 0.002 0.013 0.001 0 0 0 0 0

90 7.7 0.032 0.002 0.019 0.005 0.004 0.002 0 0 0 0 0 0 0

90 7.9 0.029 0.001 0.008 0.012 0.001 0.006 0 0.001 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

90 8.1 0.018 0.016 0.001 0 0 0 0 0 0 0 0 0 0

90 8.3 0.012 0.011 0.001 0 0 0 0 0 0 0 0 0 0

90 8.5 0.121 0.103 0.006 0.01 0.001 0 0 0 0 0 0 0 0

90 8.7 0.098 0.087 0.011 0 0 0 0 0 0 0 0 0 0

90 8.9 1.44 1.246 0.194 0 0 0 0 0 0 0 0 0 0

90 9.1 1.522 0.674 0.604 0.243 0 0 0 0 0 0 0 0 0

90 9.3 1.936 1.498 0.438 0 0 0 0 0 0 0 0 0 0

70 5.1 0.008 0.008 0 0 0 0 0 0 0 0 0 0 0

70 5.3 0.037 0.006 0.031 0 0 0 0 0 0 0 0 0 0

70 5.5 0.124 0.067 0.057 0 0 0 0 0 0 0 0 0 0

70 5.7 0.316 0.041 0.228 0.047 0 0 0 0 0 0 0 0 0

70 5.9 0.656 0.39 0.252 0.014 0 0 0 0 0 0 0 0 0

70 6.1 1.333 0.453 0.731 0.15 0 0 0 0 0 0 0 0 0

70 6.3 2.272 0.217 1.478 0.554 0.021 0.002 0 0 0 0 0 0 0

70 6.5 3.514 1.857 1.459 0.19 0 0.009 0 0 0 0 0 0 0

70 6.7 4.968 1.48 2.877 0.597 0.003 0.012 0 0 0 0 0 0 0

70 6.9 6.388 0.623 3.844 1.822 0.072 0.017 0.01 0 0 0 0 0 0

70 7.1 7.841 4.133 3.403 0.265 0.002 0.035 0.003 0 0 0 0 0 0

70 7.3 0.855 0.251 0.459 0.1 0.021 0.025 0 0 0 0 0 0 0

70 7.5 0.444 0.007 0.258 0.151 0.004 0.001 0.02 0.005 0 0 0 0 0

70 7.7 0.07 0.001 0.023 0.035 0.005 0.002 0.003 0 0 0 0 0 0

70 7.9 0.056 0.01 0.023 0.02 0.001 0 0.001 0 0 0 0 0 0

50 5.1 0.004 0.004 0 0 0 0 0 0 0 0 0 0 0

50 5.3 0.013 0.004 0.01 0 0 0 0 0 0 0 0 0 0

50 5.5 0.036 0.031 0.005 0 0 0 0 0 0 0 0 0 0

50 5.7 0.077 0.019 0.05 0.008 0 0 0 0 0 0 0 0 0

50 5.9 0.144 0.125 0.003 0.017 0 0 0 0 0 0 0 0 0

50 6.1 0.321 0.214 0.06 0.026 0.022 0 0 0 0 0 0 0 0

50 6.3 0.506 0.144 0.271 0.007 0.066 0.018 0 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

50 6.5 0.756 0.048 0.571 0.051 0.076 0.009 0 0 0 0 0 0 0

50 6.7 0.982 0.691 0.146 0 0.077 0.065 0.003 0 0 0 0 0 0

50 6.9 1.47 0.601 0.706 0.003 0.119 0.041 0 0 0 0 0 0 0

50 7.1 1.863 0.181 1.485 0.06 0.127 0.009 0 0 0 0 0 0 0

50 7.3 0.344 0.168 0.022 0.001 0.093 0.06 0 0 0 0 0 0 0

50 7.5 0.185 0.031 0.08 0.009 0.053 0.012 0 0 0 0 0 0 0

50 7.7 0.032 0.002 0.014 0 0 0.007 0.008 0 0 0 0 0 0

50 7.9 0.017 0 0.006 0.006 0 0.003 0.001 0 0 0 0 0 0

30 5.1 0.167 0.034 0.092 0.041 0 0 0 0 0 0 0 0 0

30 5.3 0.262 0.083 0.137 0.042 0 0 0 0 0 0 0 0 0

30 5.5 0.422 0.022 0.214 0.153 0.034 0 0 0 0 0 0 0 0

30 5.7 0.517 0.1 0.269 0.126 0.023 0 0 0 0 0 0 0 0

30 5.9 0.56 0.198 0.248 0.105 0.01 0 0 0 0 0 0 0 0

30 6.1 0.676 0.017 0.355 0.23 0.073 0.002 0 0 0 0 0 0 0

30 6.3 0.83 0.23 0.37 0.204 0.026 0 0 0 0 0 0 0 0

30 6.5 1.092 0.019 0.424 0.446 0.196 0.007 0 0 0 0 0 0 0

30 6.7 1.237 0.079 0.502 0.509 0.146 0.001 0 0 0 0 0 0 0

30 6.9 1.042 0.118 0.43 0.47 0.024 0 0 0 0 0 0 0 0

30 7.1 0.965 0.01 0.246 0.488 0.221 0.001 0 0 0 0 0 0 0

30 7.3 0.742 0.027 0.332 0.319 0.064 0 0 0 0 0 0 0 0

30 7.5 0.343 0.001 0.047 0.207 0.083 0.005 0 0 0 0 0 0 0

30 7.7 0.078 0.001 0.02 0.048 0.009 0 0 0 0 0 0 0 0

30 7.9 0.012 0 0.005 0.006 0.001 0 0 0 0 0 0 0 0

10 5.1 2.307 0.487 0.73 0.642 0.356 0.089 0.003 0 0 0 0 0 0

10 5.3 2.549 0.016 0.187 0.678 0.743 0.627 0.273 0.025 0 0 0 0 0

10 5.5 2.742 0.013 0.168 0.422 0.717 0.742 0.572 0.108 0 0 0 0 0

10 5.7 2.434 0.02 0.183 0.512 0.67 0.649 0.378 0.022 0 0 0 0 0

10 5.9 2.136 0.02 0.239 0.47 0.625 0.582 0.199 0.001 0 0 0 0 0

10 6.1 2.364 0.113 0.441 0.598 0.641 0.521 0.052 0 0 0 0 0 0
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*** Deaggregation of Seismic Hazard at One Period of Spectral Acceleration ***

*** Data from Dynamic: Conterminous U.S. 2014 (update) (v4.2.0) ****

PSHA Deaggregation. %contributions.

site: Test

longitude: 122.174°W

latitude: 47.577°E

imt: Peak Ground Acceleration

vs30 = 760 m/s (B/C boundary)

return period: 210 yrs.

#This deaggregation corresponds to: Total

Summary statistics for PSHA PGA deaggregation, r=distance, ε=epsilon:

Deaggregation targets: 

  Return period: 210 yrs

  Exceedance rate: 0.0047619048 yr⁻¹

  PGA ground motion: 0.19837621 g

Recovered targets: 

  Return period: 211.58077 yrs

  Exceedance rate: 0.0047263274 yr⁻¹

Totals: 

  Binned: 100 %

  Residual: 0 %

  Trace: 0.78 %

Mean (over all sources): 

  m: 6.83

  r: 52.6 km

  ε₀: 0.43 σ

Mode (largest m-r bin): 

  m: 7.1

  r: 67.61 km

  ε₀: 0.01 σ

  Contribution: 7.84 %

Mode (largest m-r-ε₀ bin): 

  m: 7.11

  r: 63.62 km

  ε₀: -0.21 σ

  Contribution: 4.13 %

Discretization: 

  r: min = 0.0, max = 1000.0, Δ = 20.0 km

  m: min = 4.4, max = 9.4, Δ = 0.2

  ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys: 

  ε0: [-∞ .. -2.5)

  ε1: [-2.5 .. -2.0)

  ε2: [-2.0 .. -1.5)

  ε3: [-1.5 .. -1.0)

  ε4: [-1.0 .. -0.5)

  ε5: [-0.5 .. 0.0)

  ε6: [0.0 .. 0.5)

  ε7: [0.5 .. 1.0)

  ε8: [1.0 .. 1.5)

  ε9: [1.5 .. 2.0)

  ε10: [2.0 .. 2.5)

  ε11: [2.5 .. +∞]

Closest Distance, rRup (km) Magnitude (Mw) ALL_ε ε=[2.5,∞) ε=[2,2.5) ε=[1.5,2) ε=[1,1.5) ε=[0.5,1) ε=(-∞,0.5) ε=[-0.5,∞) ε=[-1,-0.5) ε=[-1.5,-1) ε=[-2,-1.5) ε=[-2.5,-2) ε=(-∞,-2.5)

10 6.3 2.101 0.007 0.177 0.511 0.577 0.55 0.279 0 0 0 0 0 0

10 6.5 3.03 0.033 0.168 0.532 0.747 0.678 0.652 0.219 0 0 0 0 0

10 6.7 3.687 0.112 0.257 0.84 0.914 0.73 0.686 0.148 0 0 0 0 0

10 6.9 3.824 0.371 0.421 1.001 0.732 0.676 0.575 0.048 0 0 0 0 0

10 7.1 3.311 0.686 0.53 0.894 0.374 0.447 0.38 0 0 0 0 0 0

10 7.3 1.666 0.325 0.217 0.299 0.162 0.395 0.267 0 0 0 0 0 0

10 7.5 0.789 0.072 0.049 0.064 0.102 0.342 0.16 0 0 0 0 0 0

10 7.7 0.18 0.005 0.007 0.011 0.038 0.106 0.013 0 0 0 0 0 0

10 7.9 0.02 0.001 0.001 0.002 0.007 0.008 0 0 0 0 0 0 0
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1.0 Background:   

Wood is providing geotechnical engineering services for the I-405 improvements project. Below is an 
image of the alignment with the southern and northern ends marked and also the location of the Gypsy 
Creek fish passage near Wall 7.20L. Also shown are fault traces that cross the alignment for the Seattle 
fault (northern, middle, and southern traces).   

Figure 1: Project Alignment with Fault Traces 

 

At the Gypsy Creek fish passage, just north of the 44th St Bridge, there are seven explorations, including 
two cone penetration tests (CPT). The explorations are shown in Figure 2 (highlighted). 

 

Fish Passage 
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Figure 2: Gypsy Creek Fish Passage Boring Plan 
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Here is a summary of information for each of these explorations: 

Table 1: Summary of Explorations  

Exploration 
Year 

Drilled 

Total 
Depth 

(ft) 

Ground 
Surface 

Elevation, 
NAVD88 (ft) 

Assumed 
Groundwater 

Depth (ft) 

Assumed 
Groundwater 
Elevation (ft) 

Hammer 
Efficiency 

(%) 

R2B-S14-17 2017 21.5 28.5 0 28.5 88 

R2B-S15p-17 2017 46.5 36.3 7.29 29.0 87 

R2B-S16vw-17 2017 51.5 34.4 5.67 28.7 87 

W-102-20 2020 51.5 36.8 10 26.8 87 

MH-1 1988 21.5 27.3 6.8 20.5 87 

W-103-20 (CPT) 2020 40.3 31.0 4 27.0 - 

W-198CP-202 (CPT) 2020 10 36.0 7 29.0 - 

W-198CP-20a 
(CPT) 2020 50.7 36.0 7 29.0 - 

 
Notes: 

1. The groundwater depth in each boring is based on either observed water level after drilling, piezometer levels (where a piezometer 
was installed in the borehole), or the depth where wet samples were encountered and/or the moisture content test yielded significantly 
high moisture content.2. CPT W-198CP-20 contains data for the upper 10 feet of soil and W-198CP-20a contains data from 10 feet below 
ground surface and downward. They are two parts of one CPT 

2.0 Problem:    

Evaluate the Site Class for the site to use in the determination of the seismic hazard parameters for the 
structure. 

 

3.0 Approach:   

3.1 Seismic Hazard   

A site should be classified based on the stiffness of underlying soil deposits for use in determining design 
ground motion parameters. Sites should be classified by their stiffness as determined by the shear wave 
velocity in the upper 100 ft., Standard Penetration Test (SPT) blow counts, or undrained shear strengths 
of soil samples from the borings or CPTs. The methods in AASHTO LRFD BDS Section 3.10.3.1 are 
used. The site class definitions per ASSHTO are provided in Table 1 below: 
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Table 2: Site Class Definitions 

 

 

4.0 Evaluations:  

4.1 Methods - General   

Method A: Average shear wave velocity 𝑣�̅� for the top 100 ft is determined as:  

                          (1) 

Where, 𝑣𝑠𝑖 is the shear wave velocity in ft/s of a layer, 𝑑𝑖 is thickness of a layer in feet and n is 100 feet. 

 

Method B: Average SPT blow count (blows/ft) �̅� for the top 100 ft is determined as:  

       (2) 
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Where,  𝑁𝑖  is standard penetration test blow count (corrected for 60 percent energy) of each layer (not to 
exceed 100 blows/ft), 𝑑𝑖 is thickness of a layer in feet and n is 100 feet.  

Here is an example calculation of the average shear wave velocity (vs) for the upper 100 ft of the soil 
profile for a CPT, based on the above discussed method. Note that the CPT depth is 70 ft. and did not 
reach 100 feet, hence the last vs value was assumed to be representative of the soils below. The first 
three columns in the table below were entered from the CPT information. 

 

Exploration 
Top Depth 

(ft.) 
Vs 

(ft/s) 
Vs 

(ft/s) 
Thickness 

(ft) 
d/Vs 

Running 
Sum of 

d/Vs 

Average 
Vs 

Example 10.0 678 678 10 0.015 0.015   

Example 20.0 782 782 10 0.013 0.028   

Example 30.0 812 812 10 0.012 0.040   

Example 40.0 923 923 10 0.011 0.051   

Example 50.0 1045 1045 10 0.010 0.060   

Example 60.0 1150 1150 10 0.009 0.069   

Example 70.0 1268 1268 40 0.032 0.1005 995 

As it was shown in the table, Vs was measured as 923 at 40 ft.  

Column E: Layer thickness 𝑑𝑖 is measured as: 40-30=10 ft. 

Column F: di/Vsi = 10/923 = 0.0.11 

Column G: Sum of di/Vs from ground surface:  (di/ Vsi)= 0.015+0.013+0.012+0.011 = 0.051 

Column H: Vs,ave = (di)/ (di/ Vsi) =100/ 0.1005 =  995 

Here is an example calculation of the average SPT blow count (blows/ft) (N̅) for the upper 100 ft of the 
soil profile for a boring based on the above discussed method as a check for the spreadsheet. Note that 
the boring depth is 70 ft. and did not reach 100 feet, hence the last N value was assumed to be 
representative of the soils below. N values were corrected for 60 percent energy including hammer 
efficiency, rod length, sampler, and borehole diameter prior to calculations. The first three columns in the 
table below were entered from the boring information. 

Boring 
Top Depth 

(ft.) 
N60  

N60 capped 

at 100 
di di/Ni (di/Ni) Navg 

Example 2 7 7 4.5 0.643 0.643   

Example 7 11 11 5 0.455 1.097   

Example 12 12 12 6.5 0.542 1.639   

Example 20 20 20 9 0.450 2.089   

Example 30 25 25 10 0.400 2.489   

Example 40 50 50 10 0.200 2.689   

Example 50 110 100 10 0.100 2.789   

Example 60 80 80 10 0.125 2.914   

Example 70 70 70 35 0.500 3.414 29 
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As it was shown in the table, N60 was calculated as 20 at 20 ft.  

Column E: Layer thickness 𝑑𝑖 is measured as: 25-16=9 ft. 

Column F: di/Ni = 9/20=0.45 

Column G: Sum of di/N from ground surface:  (di/Ni)= 0.643+0.455+0.542+0.450 = 2.089 

Column H: Nave = (di)/ (di/Ni) =100/ 3.414 =  29 

 

4.2 Calculation  

Both methods were used for the Gypsy Creek fish passage in determining the site class. Method A was 
used when utilizing CPTS W-103p-20 and W-198CP-20 and method B was used by utilizing all of the 
SPT explorations except MH-1. MH-1 was not utilized because it was shallow (total depth is 21.5’ bgs). 
A plot of the field corrected blowcounts vs elevation is shown below. 

Figure 3: Standardized Blowcounts vs Elevation 
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The average SPT blow count (blows/ft) (N̅)  and average shear wave velocity (ft/s) (𝑣�̅�)for the upper 
100 ft of the soil profile was evaluated in the Site Class Calc_Fish Passage.xlsx, using the inverse 
average calculation method defined above from AASHTO Guide Specifications for LRFD Seismic 
Bridge Design Section 3.4.2.2.  

From the two CPT explorations, the calculated 𝑣�̅� values are 660 and 661 ft/s. The calculated N̅ values 
ranged between 21 and 28, with an average value of 23. The values are summarized in Table 3. Based 
on these values, the site is determined to be Site Class D (stiff soil site, because 𝑣�̅� is between 600 and 
1200 ft/s and N̅ is between 15 and 50). 

 

 

Table 3: Average N for utilized borings  

 

Borehole 
Average 

N 

R2B-S14-17 28 

R2B-S15p-17 25 

R2B-S16vw-17 18 

W-102-20 21 

 

 

5.0 Conclusions:  

The site is classified as Site Class D for seismic hazard evaluations. 

6.0 Attachments: 

No Name of document Tabs (if any) Pages 
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Passage.xlsx 
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Top 

Elevation 

(ft)

ESU Borehole USCS
Layer Top 

Depth (ft) 

Layer Bottom 

Depth (ft)

Sample Top 

Depth (ft)

Sample Top 

Elevation (ft)

Blowcounts 

N

CR, Rod 

Length 

Correction 

Factor

CS, 

Correction 

for Sampler 

without 

Liners

CE, Energy 

Ratio 

Correction

CB, Boring 

Dia 

Correction

Standardized 

Blowcounts 

N60 (Ce)

Standardized 

Blowcounts 

N60 (all 

correction 

factors)

N60 capped at 

100

Layer 

Thickness, d
d/N

sum of 

d/N
Average N

28.5 2C R2B-S14-17 ML 0 6.5 4.0 24.5 4 0.75 1 1 1 4 3 3 6.5 2.166667 2.166667

22.0 3A R2B-S14-17 SM 6.5 9.5 7.5 21.0 16 0.8 1 1 1 16 13 13 3 0.234375 2.401042

19.0 3A R2B-S14-17 SM 9.5 11.75 10.0 18.5 15 0.85 1 1 1 15 13 13 2.25 0.176471 2.577512

16.8 4A R2B-S14-17 SM 11.75 14.25 12.0 16.5 40 0.85 1 1 1 40 34 34 2.5 0.073529 2.651042

14.3 4A R2B-S14-17 SM 14.25 18.25 15.0 13.5 64 0.95 1 1 1 64 61 61 4 0.065789 2.716831

10.3 4E R2B-S14-17 ML 18.25 21.5 20.0 8.5 100 0.95 1 1 1 100 95 95 3.25 0.034211 2.751042 28

36.3 1B R2B-S15p-17 SP 0 2 0.0 36.3 38 0.75 1 1.47 1 56 42 42 2 0.047847 0.047847

34.3 1B R2B-S15p-17 SM 2 4.5 2.5 33.8 29 0.75 1 1.47 1 43 32 32 2.5 0.07837 0.126217

31.8 1B R2B-S15p-17 SM 4.5 7 5.0 31.3 73 0.8 1 1.47 1 107 86 86 2.5 0.029187 0.155404

29.3 1B R2B-S15p-17 SP 7 9.5 7.5 28.8 18 0.8 1 1.47 1 26 21 21 2.5 0.118371 0.273775

26.8 3A R2B-S15p-17 SP 9.5 12 10.0 26.3 7 0.85 1 1.47 1 10 9 9 2.5 0.286478 0.560254

24.3 2C R2B-S15p-17 ML 12 14.5 12.5 23.8 3 0.85 1 1.47 1 4 4 4 2.5 0.668449 1.228703

21.8 2C R2B-S15p-17 SM 14.5 18.25 15.0 21.3 4 0.95 1 1.47 1 6 6 6 3.75 0.672847 1.90155

18.1 3A R2B-S15p-17 SM 18.25 23.25 20.0 16.3 7 0.95 1 1.47 1 10 10 10 5 0.512645 2.414195

13.1 3E R2B-S15p-17 CL 23.25 28.25 25.0 11.3 6 0.95 1 1.47 1 9 8 8 5 0.598086 3.012281

8.1 4E R2B-S15p-17 CL 28.25 33.25 30.0 6.3 22 1 1 1.47 1 32 32 32 5 0.154959 3.16724

3.1 4E R2B-S15p-17 CL 33.25 38.25 35.0 1.3 37 1 1 1.47 1 54 54 54 5 0.092138 3.259377

-2.0 4E R2B-S15p-17 ML 38.25 43.25 40.0 -3.7 77 1 1 1.47 1 113 113 100 5 0.05 3.309377

-7.0 4E R2B-S15p-17 CL 43.25 46.5 45.0 -8.7 73 1 1 1.47 1 107 107 100 3.25 0.0325 3.341877 25

34.4 1B R2B-S16vw-17 SW 0 2 0.0 34.4 18 0.75 1 1.47 1 26 20 20 2 0.10101 0.10101

32.4 1B R2B-S16vw-17 SW 2 4.5 2.5 31.9 31 0.75 1 1.47 1 45 34 34 2.5 0.073314 0.174324

29.9 2B R2B-S16vw-17 SM 4.5 7 5.0 29.4 20 0.8 1 1.47 1 29 23 23 2.5 0.106534 0.280858

27.4 2B R2B-S16vw-17 SM 7 9.5 7.5 26.9 13 0.8 1 1.47 1 19 15 15 2.5 0.163899 0.444757

24.9 2B R2B-S16vw-17 SP 9.5 12 10.0 24.4 14 0.85 1 1.47 1 21 17 17 2.5 0.143239 0.587996

22.4 2B R2B-S16vw-17 SP 12 14.5 12.5 21.9 14 0.85 1 1.47 1 21 17 17 2.5 0.143239 0.731235

19.9 2C R2B-S16vw-17 SP 14.5 18.25 15.0 19.4 5 0.95 1 1.47 1 7 7 7 3.75 0.538278 1.269512

16.2 2C R2B-S16vw-17 SP 18.25 23.25 20.0 14.4 4 0.95 1 1.47 1 6 6 6 5 0.897129 2.166642

11.2 2B R2B-S16vw-17 SM 23.25 28.25 25.0 9.4 9 0.95 1 1.47 1 13 13 13 5 0.398724 2.565366

6.2 2C R2B-S16vw-17 ML 28.25 33.25 30.0 4.4 3 1 1 1.47 1 4 4 4 5 1.136364 3.701729

1.2 2C R2B-S16vw-17 ML 33.25 38.25 35.0 -0.6 5 1 1 1.47 1 7 7 7 5 0.681818 4.383547

-3.9 4A R2B-S16vw-17 SM 38.25 43.25 40.0 -5.6 19 1 1 1.47 1 28 28 28 5 0.179426 4.562973

-8.9 4A R2B-S16vw-17 SM 43.25 48.25 45.0 -10.6 38 1 1 1.47 1 56 56 56 5 0.089713 4.652686

-13.9 4A R2B-S16vw-17 SM 48.25 51.5 50.0 -15.6 58 1 1 1.47 1 85 85 85 3.25 0.038205 4.690891 18

36.8 1B W-102-20 SM 0 4.5 2.5 34.3 37 0.75 1 1.47 1 54 41 41 4.5 0.110565 0.110565

32.3 1B W-102-20 SM 4.5 7 5.0 31.8 11 0.8 1 1.47 1 16 13 13 2.5 0.193698 0.304263

29.8 2C W-102-20 SM 7 9.5 7.5 29.3 16 0.8 1 1.47 1 23 19 19 2.5 0.133168 0.437431

27.3 2C W-102-20 SM 9.5 13.25 10.0 26.8 3 0.85 1 1.47 1 4 4 4 3.75 1.002674 1.440105

23.6 2C W-102-20 MH 13.25 18 15.0 21.8 0 0.95 1 1.47 1 0 0 4 4.75 1.1875 2.627605

18.8 2C W-102-20 ML 18 23 19.5 17.3 10 0.95 1 1.47 1 15 14 14 5 0.358852 2.986457

13.8 2B W-102-20 GM 23 28.25 25.0 11.8 25 0.95 1 1.47 1 37 35 35 5.25 0.150718 3.137174

8.6 2B W-102-20 GM 28.25 33.25 30.0 6.8 37 1 1 1.47 1 54 54 54 5 0.092138 3.229312

3.6 2B W-102-20 ML 33.25 38.25 35.0 1.8 15 1 1 1.47 1 22 22 22 5 0.227273 3.456585

-1.5 2B W-102-20 ML 38.25 43.25 40.0 -3.2 10 1 1 1.47 1 15 15 15 5 0.340909 3.797494

-6.5 4A W-102-20 GM 43.25 48.25 45.0 -8.2 42 1 1 1.47 1 62 62 62 5 0.081169 3.878662

-11.5 4A W-102-20 SM 48.25 51.5 50.0 -13.2 56 1 1 1.47 1 82 82 82 3.25 0.03957 3.918232 21

27.3 2B MH-1 SM 0 7 5.0 22.3 16 0.8 1 1 1 16 13 13 7 0.546875 0.546875

20.3 2C MH-1 SM 7 9.5 7.5 19.8 10 0.8 1 1 1 10 8 8 2.5 0.3125 0.859375

17.8 2C MH-1 SM 9.5 12 10.0 17.3 12 0.85 1 1 1 12 10 10 2.5 0.245098 1.104473

15.3 2C MH-1 SM 12 15.75 12.5 14.8 5 0.85 1 1 1 5 4 4 3.75 0.882353 1.986826

11.6 2B MH-1 SM 15.75 19.5 17.5 9.8 10 0.95 1 1 1 10 10 10 3.75 0.394737 2.381563

7.8 2C MH-1 ML 19.5 21.5 20.0 7.3 11 0.95 1 1 1 11 10 10 2 0.191388 2.57295

Site Class Calc_Fish Passage.xlsx, SPT 1 of 1 1/21/2021, 5:10 PM
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Average 

Vs

W-103CP-20 3.94 10.50 488 6.56 0.013 0.013

W-103CP-20 10.50 17.06 225 6.56 0.029 0.043

W-103CP-20 17.06 23.46 536 6.40 0.012 0.055

W-103CP-20 23.46 29.86 468 6.40 0.014 0.068

W-103CP-20 29.86 36.25 666 6.39 0.010 0.078

W-103CP-20 36.25 40.35 865 4.10 0.005 0.083 660

W-198CP-20 3.81 10.47 267 6.66 0.025 0.025

W-198CP-20 10.47 13.22 297 2.75 0.009 0.034

W-198CP-20 13.22 16.47 320 3.25 0.010 0.044

W-198CP-20 16.47 23.00 456 6.53 0.014 0.059

W-198CP-20 23.00 29.27 660 6.27 0.009 0.068

W-198CP-20 29.3 35.7 990 6.43 0.006 0.075

W-198CP-20 35.7 48.5 920 12.82 0.014 0.089

W-198CP-20 48.5 50.7 821 2.17 0.003 0.091 661

Site Class Calc_Fish Passage.xlsx, CPT 1 of 1 1/22/2021, 4:01 PM
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1.0 Background:   

Wood is providing geotechnical engineering services for the I-405 improvements project. There is a 
fish passage culvert for Gypsy Creek that is in an alluvial flood plain area. 

2.0 Problem:    

Evaluate total and differential seismically induced settlement along the culvert due to liquefaction of 
the underlying soils. 

Attached to this calculation is a figure showing the explorations in the area around culvert. 

The figure showing the ESU stratigraphy along the culvert is also attached to this calculation. 

Liquefaction is a phenomenon in which saturated cohesionless soils are subject to a temporary but 
essentially total loss of shear strength under the reversing, cyclic shear stresses associated with 
earthquake shaking. Submerged cohesionless sands and silts with low relative density that lie within 
approximately 80 feet of the ground surface are the type of soils usually susceptible to liquefaction. 
The depth limit is in accordance with the GDM Section 6-1.2.3. Clays are generally not susceptible to 
liquefaction. Besides a loss of strength, liquefaction can cause settlement of the overlying layers as 
the liquefying layer densifies following the earthquake shaking. 

Based on the liquefaction triggering calculation for the fish passage there is likely liquefaction 
occurring in the ESU 2B, 2C, 3A, and 3E layers for the design SEE and FEE seismic events. The 
liquefaction triggering calculation evaluated liquefaction volumetric strain and settlement values for 
each exploration. This data is used in the current calculation to determine the recommended 
liquefaction induced total and differential settlement values likely caused by the liquefaction 
settlement for the area. 

3.0 Approach:   

Based on Section 6-4.2.4 of the GDM the liquefaction induced settlement evaluations should follow 
the procedures in Ishihara and Yoshimine (1992) for SPT blowcount data or CPT tip resistance, with 
updates by Zhang (2002) for CPT data. Idriss and Boulanger (2008) further discusses these methods 
and provides the following formulas for SPT blowcount data (Eqs. 86-93, 96): 

    (1) 
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where, γlim is the limiting shear strain, Fα is the factor used to calculate the maximum shear strain, γmax 
is the maximum shear strain, εv is the volumetric strain, and FOS is the factor of safety for liquefaction 
triggering. The liquefaction induced settlement is then the volumetric strain values multiplied by the 
layer thicknesses and then summed for each boring. Similar equations for CPTs are provided as well 
as shown below. 

 

 

 

     (2) 

The volumetric strain values were calculated in the liquefaction triggering calculation in the 
spreadsheet SPT_Liquefaction - Fish (for the boring data) and in the CLiq program for the CPT data 
for each saturated sample/data point in ESUs 2B, 2C, 3A, and 3E. It is noted that there was a single 
zone in ESU 4A that did have liquefaction settlement. This zone is considered isolated and 
discontinuous therefore its effect on the total and differential settlements will be minor and not 
consistently more conservative for the differential settlements (e.g. if this liquefaction settlement 
occurred under an area with thinner ESUs 2B, 2C, or 3A then it would actually reduce the differential 
settlement when comparing the settlement to an area with a thicker layer of the primary liquefying 
ESUs). Thus this minor settlement in ESU 4A is neglected in the rest of the calculation. 

The volumetric strain values from the boring data were copied from the liquefaction triggering 
calculations into the spreadsheet Volumetric_Strain.xlsx on tab ‘Data’. The data was grouped by 
ESU. 

For the CPTs, the volumetric strain values were evaluated both for the overall ESU layers as well as 
specific individual layers with continuous liquefaction. These volumetric strain values are simply 
evaluated by dividing the settlement values for a certain layer by the thickness of that layer as taken 
from the output from CLiq. The specific individual layers were studied as those values are 
comparable to the SPT blowcount volumetric strain values and thus were used to evaluate whether 
the CPTs were evaluating similar volumetric strain values in the liquefying soils and whether the CPT 
data could be used for the entire site as similar to the conditions shown in the borings around the site. 
The overall ESU layer volumetric strain values were evaluated so that they could be applied to the 
entire ESU thicknesses but would take into account the geologic conditions at the site of a vertically 
variable interlayered alluvial geologic environment with the some of the main liquefying ESUs 2C and 
3E being finer grained units that contain interlayered organic and clayey zones that are not 
susceptible to liquefaction. It is noted that the CPTs at the site did not obtain adequate data in the 
ESU 2B layer for liquefaction settlement thus the boring data is used to evaluate the volumetric strain 
values for the ESU 2B layer which is conservative given the variable density of this ESU layer. 



  SHEET   3   OF    7  

  JOB NO.   PS19203160  

  COMPUTED BY   K. Burlingham  

PROJECT    I-405  DATE   12/7/2021  

SUBJECT Seismic Total and Differential Settlements, Gypsy Creek         CHECKED BY A. Attiyah  Date: 12/7/21   

 

Gypsy Creek Liq Diff Settlement Calc - CPTs  12/7/21 10:47 AM  

In order to determine the total and differential settlement values due to liquefaction along the planned 
culvert each ESU is assigned a liquefaction induced volumetric strain value based on the data and 
then these volumetric strain values are applied to the ESU stratigraphy profiles at various locations 
along the culvert to determine the design liquefaction induced settlement and corresponding 
differential settlement. 

4.0 Evaluations:  

The statistics of the volumetric strains for each ESU and elevation are evaluated in the spreadsheet 
Volumetric_Strain.xlsx on tab ‘Evals_strain’ for the SPT blowcount data from the borings. The CPT 
output from CLiq was also reviewed to estimate the volumetric strain as described above with the 
analysis on tab ‘CPTs’ in the Volumetric_Strain.xlsx spreadsheet. The CLiq output for the liquefaction 
settlement are included as attachments to this calculation. 

For comparison of the CPT volumetric strain values of specific continuously liquefying layers here is 
the summary table of the CPT volumetric strain values of specific continuously liquefying layers. 

Table 1: Individual Layer CPT Liquefaction Volumetric Strain Values 

SEE Hazard:        

CPT 

Top 
Depth 

(ft) 

Bottom 
Depth 

(ft) 

Top Liq. 
Settlement 

(in) 

Bottom Liq. 
Settlement 

(in) 

Avg 
Volumetric 

Strain 
Elevation 

(ft) ESU 

W-103-20 4 6 4.2 3.3 3.8% 26 2C 

W-198cp-20 10.5 13 6.3 5.3 3.3% 24.25 2C 

W-103-20 25.5 27.5 1.9 1.1 3.3% 4.5 3A 

W-103-20 32 34 0.5 0 2.1% -2 3A 

W-198cp-20 16 20 5.2 4 2.5% 18 3A 

W-198cp-20 23.1 25.5 3.9 3.2 2.4% 11.7 3E 

W-198cp-20 32 34 2.5 2.1 1.7% 3 3E 

W-198cp-20 40 42 1.7 1.2 2.1% -5 3E 

 

Here is a plot of the volumetric strain values from the SPT blowcount data and the CPT individual 
layers to understand if the data is similar and the CPT data can be applied across the site. As shown 
the values are similar and thus it was determined that the CPT data is similar to the SPT blowcount 
data and can be applied to the ESU layers across the site. The average volumetric strain from the 
SPT blowcount data for the ESU 2B layer is also shown as evaluated from the data. 

 

 

 

 

 



  SHEET   4   OF    7  

  JOB NO.   PS19203160  

  COMPUTED BY   K. Burlingham  

PROJECT    I-405  DATE   12/7/2021  

SUBJECT Seismic Total and Differential Settlements, Gypsy Creek         CHECKED BY A. Attiyah  Date: 12/7/21   

 

Gypsy Creek Liq Diff Settlement Calc - CPTs  12/7/21 10:47 AM  

Figure 1: Liquefaction Volumetric Strain Values, SEE  

 

Here is also the summary of the average volumetric strain values from the SPT blowcount data and 
the CPT individual layer data which confirm that the volumetric strain data is similar with the only 
major difference being the CPTs evaluating higher volumetric strains in the ESU 3A layer. 

Table 3: SPT and CPT Liquefaction Volumetric Strain Values Comparison 

 Average Vol. Strain 

ESU SPT CPT 

2C 3.1% 3.5% 

3A 1.7% 2.6% 

3E 2.3% 2.1% 
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In order to take into account the geologic conditions at the site as described above, here are the 
evaluated volumetric strain values for each ESU layer in the CPTs that were used for the settlement 
evaluations at the site. 

Table 3-1: CPT ESU Layer Liquefaction Volumetric Strain Values 

SEE Hazard: 

CPT ESU 

Top 
Depth 

(ft) 
Bottom 

Depth (ft) 

Liq. 
Settlement 

(in) 

Avg 
Volumetric 

Strain 

W-103-20 
2C 4 18 1.9 1.1% 

3A 18 35 2.3 1.1% 

W-198cp-20 

2C 10 16 1.1 1.5% 

3A 16 20 1.2 2.5% 

3E 20 48 4 1.2% 

FEE Hazard: 

CPT  ESU 

Top 
Depth 

(ft) 
Bottom 

Depth (ft) 

Liq. 
Settlement 

(in) 

Avg 
Volumetric 

Strain 

W-103-20 
2C 4 18 1.6 1.0% 

3A 18 35 1.7 0.8% 

W-198cp-20 

2C 10 16 1.1 1.5% 

3A 16 20 1.2 2.5% 

3E 20 48 1.7 0.5% 

The final recommended values based on the data are shown in the table below. These values are the 
average values from the data above in Table 2 similar to other ESU parameter evaluations. 

Table 4: Recommended Liquefaction Volumetric Strain Values 

Volumetric Strain 

ESU SEE FEE 

2B 1.6% 1.1% 

2C 1.3% 1.2% 

3A 1.8% 1.7% 

3E 1.2% 0.5% 

The ESU profiles from the drawings attached to this calculation were then input into the spreadsheet 
Volumetric_Strain.xlsx on tab ‘Evals_diff_settle (below)’ for each location/section shown on the ESU 
profile attached to this calculation (5 locations/sections in all). The volumetric strain values were 
applied to the profiles to evaluate the design liquefaction total settlement values at each location 
along the culvert and then the differential settlement between these locations is evaluated. Note that 
the ESU profiles were modified to take out the portion of the soil profile above the bottom of the 
culverts at each section. Below is a summary of the settlements and differential settlements 
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evaluated. As shown, all the differential settlement values are less than about 1.4 inches for both the 
SEE and FEE hazard levels. Angular distortion values are also calculated for the culvert for each 
segment between each section evaluated by dividing the differential settlement values by the 
distances between the sections.  

Table 5: Liquefaction Total and Differential Settlement Values, Below Culvert 
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For comparison to the total settlement values given above, the total settlement values for the CPTs 
from CLiq are tabulated below which are generally comparable to the total settlement values obtained 
from the methods above. These values are for the portion of the profiles below the bottom of the 
culvert. 

Table 6: CPT Liquefaction Total Settlement Values, Below Culvert 

 SEE Hazard:    

CPT 

Liq. 
Settlement 

(in) 

W-103-20 3.0 

W-198cp-20 5.2 

FEE Hazard:  

CPT 

Liq. 
Settlement 

(in) 

W-103-20 2.1 

W-198cp-20 3.0 

 

5.0 Attachments: 

No Name of document Tabs (if any) Pages 

1 Exploration Plan  - 

2 ESU Cross Sections  - 

3 Volumetric_Strain.xlsx Data, Evals_strain, CPTs, Evals_diff_settle 
(below) 

 

4 SEE-CPTs.pdf 
 

 

5 FEE-CPTs.pdf 
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A B C D E F G H I J K L M N O P Q R

SEE FEE SEE FEE SEE FEE SEE FEE

ESU
Name of 

Borehole

Layer Top 

Depth (ft)
Top Elev. 

(ft)
USCS

Blow 

Counts, N
N1,60 FOS (SEE) FOS (FEE)

Eff Lyr > 

GWT (ft)
εv (%) εv (%)

Layer 

Settlement 

(in)

Layer 

Settlement 

(in)

Cumulative 

Settlement 

(in)

Cumulative 

Settlement 

(in)

Cumulative 

Settlement 

(in)

Cumulative 

Settlement 

(in)

2C R2B-S14-17 0 28.5 ML 4 5 0.14 0.25 6.5 3.6% 3.6% 2.8 2.8 4.0 3.8 4.0 3.8

3A R2B-S14-17 6.5 22.0 SM 16 21 0.45 0.85 3 1.6% 1.1% 0.6 0.4 1.1 0.9

3A R2B-S14-17 9.5 19.0 SM 15 18 0.37 0.69 2.25 2.0% 2.0% 0.5 0.5 0.5 0.5

4A R2B-S14-17 11.75 16.8 SM 40 44 3.00 3.00 2.5 0.0% 0.0% 0.0 0.0 0.0 0.0

4A R2B-S14-17 14.25 14.3 SM 64 71 3.00 3.00 4 0.0% 0.0% 0.0 0.0 0.0 0.0

4E R2B-S14-17 18.25 10.3 ML 100 97 3.00 3.00 3.25 0.0% 0.0% 0.0 0.0 0.0 0.0

1B R2B-S15p-17 7 29.3 SP 18 33 3.00 3.00 2.21 0.0% 0.0% 0.0 0.0 5.1 5.1 5.1 5.1

2B R2B-S15p-17 9.5 26.8 SP 7 13 0.41 0.75 2.5 3.2% 3.2% 1.0 1.0 5.1 5.1

2C R2B-S15p-17 12 24.3 ML 3 5 0.32 0.59 2.5 3.6% 3.6% 1.1 1.1 4.1 4.1

2C R2B-S15p-17 14.5 21.8 SM 4 7 0.34 0.62 3.75 3.2% 3.2% 1.5 1.5 3.1 3.1

3A R2B-S15p-17 18.25 18.1 SM 7 11 0.40 0.74 5 2.7% 2.7% 1.6 1.6 1.6 1.6

3E R2B-S15p-17 23.25 13.1 CL 6 9 3.00 3.00 5 0.0% 0.0% 0.0 0.0 0.0 0.0

4E R2B-S15p-17 28.25 8.1 CL 22 33 3.00 3.00 5 0.0% 0.0% 0.0 0.0 0.0 0.0

4E R2B-S15p-17 33.25 3.1 CL 37 53 3.00 3.00 5 0.0% 0.0% 0.0 0.0 0.0 0.0

4E R2B-S15p-17 38.25 -2.0 ML 77 106 3.00 3.00 5 0.0% 0.0% 0.0 0.0 0.0 0.0

4E R2B-S15p-17 43.25 -7.0 CL 73 96 3.00 3.00 3.25 0.0% 0.0% 0.0 0.0 0.0 0.0

2B R2B-S16vw-17 4.5 29.9 SM 20 40 3.00 3.00 1.33 0.0% 0.0% 0.0 0.0 11.6 10.6 11.6 10.6

2B R2B-S16vw-17 7 27.4 SM 13 26 1.33 2.54 2.5 0.4% 0.0% 0.1 0.0 11.6 10.6

2B R2B-S16vw-17 9.5 24.9 SP 14 27 1.02 1.94 2.5 0.7% 0.0% 0.2 0.0 11.5 10.6

2B R2B-S16vw-17 12 22.4 SP 14 24 0.73 1.38 2.5 1.8% 0.3% 0.5 0.1 11.3 10.6

2C R2B-S16vw-17 14.5 19.9 SP 5 9 0.25 0.46 3.75 4.0% 4.0% 1.8 1.8 10.8 10.5

2C R2B-S16vw-17 18.25 16.2 SP 4 6 0.20 0.36 5 4.9% 4.9% 2.9 2.9 9.0 8.7

3A R2B-S16vw-17 23.25 11.2 SM 9 13 0.40 0.75 5 2.5% 2.5% 1.5 1.5 6.1 5.8

3E R2B-S16vw-17 28.25 6.2 ML 3 4 0.24 0.44 5 3.8% 3.8% 2.3 2.3 4.5 4.3

3E R2B-S16vw-17 33.25 1.2 ML 5 7 0.28 0.53 5 3.3% 3.3% 2.0 2.0 2.2 2.0

4A R2B-S16vw-17 38.25 -3.9 SM 19 25 1.19 2.32 5 0.5% 0.0% 0.3 0.0 0.3 0.0

4A R2B-S16vw-17 43.25 -8.9 SM 38 47 3.00 3.00 5 0.0% 0.0% 0.0 0.0 0.0 0.0

4A R2B-S16vw-17 48.25 -13.9 SM 58 69 3.00 3.00 3.25 0.0% 0.0% 0.0 0.0 0.0 0.0

2B W-102-20 9.5 27.3 SM 3 5 0.33 0.61 3.25 4.2% 4.2% 1.6 1.6 5.3 3.6 5.3 3.6

2C W-102-20 13.25 23.6 MH 0 0 3.00 3.00 4.75 0.0% 0.0% 0.0 0.0 3.7 2.0

2C W-102-20 18 18.8 ML 10 16 0.60 1.13 5 2.2% 0.7% 1.3 0.4 3.7 2.0

3A W-102-20 23 13.8 GM 25 37 3.00 3.00 5.25 0.0% 0.0% 0.0 0.0 2.4 1.6

3A W-102-20 28.25 8.6 GM 37 53 3.00 3.00 5 0.0% 0.0% 0.0 0.0 2.4 1.6

3E W-102-20 33.25 3.6 ML 15 20 0.74 1.41 5 1.5% 0.3% 0.9 0.2 2.4 1.6

3E W-102-20 38.25 -1.5 ML 10 13 0.43 0.81 5 2% 2.4% 1.5 1.4 1.5 1.4

4A W-102-20 43.25 -6.5 GM 42 51 3.00 3.00 5 0% 0.0% 0.0 0.0 0.0 0.0

4A W-102-20 48.25 -11.5 SM 56 65 3.00 3.00 3.25 0% 0.0% 0.0 0.0 0.0 0.0

2B MH-1 0 27.3 SM 16 22 1.02 1.91 0.2 1% 0.0% 0.0 0.0 5.5 4.8 5.5 4.8

2C MH-1 7 20.3 SM 10 13 0.51 0.94 2.5 2.9% 1.8% 0.9 0.5 5.5 4.8

2C MH-1 9.5 17.8 SM 12 15 0.51 0.94 2.5 2.6% 1.5% 0.8 0.4 4.6 4.2

2C MH-1 12 15.3 SM 5 6 0.26 0.47 3.75 4.2% 4.2% 1.9 1.9 3.8 3.8

3A MH-1 15.75 11.6 SM 10 12 0.35 0.64 3.75 3.0% 3.0% 1.4 1.4 1.9 1.9

3E MH-1 19.5 7.8 ML 11 13 0.44 0.82 2 2.4% 2.3% 0.6 0.5 0.6 0.5

Volumetric_Strain, Data 1 of 2 11/29/2021, 10:39 AM



3

4

A B C D E F G H I J K L M N O P Q R

SEE FEE SEE FEE SEE FEE SEE FEE

ESU
Name of 

Borehole

Layer Top 

Depth (ft)
Top Elev. 

(ft)
USCS

Blow 

Counts, N
N1,60 FOS (SEE) FOS (FEE)

Eff Lyr > 

GWT (ft)
εv (%) εv (%)

Layer 

Settlement 

(in)

Layer 

Settlement 

(in)

Cumulative 

Settlement 

(in)

Cumulative 

Settlement 

(in)

Cumulative 

Settlement 

(in)

Cumulative 

Settlement 

(in)

97

98

99

100

101

102

103

Volumetric_Strain, Data 2 of 2 11/29/2021, 10:39 AM



4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

A B C D E F G H I J K L M N O P Q R

SEE FEE SEE FEE

ESU
Name of 

Borehole

Layer Top 

Depth (ft)
Top Elev. 

(ft)
USCS

Blow 

Counts, N
N1,60 FOS

Eff Lyr > 

GWT (ft)
εv (%) εv (%)

Layer 

Settlement 

(in)

Layer 

Settlement 

(in)

1B R2B-S15p-17 7 29.3 SP 18 33 3.00 3.00 2.21 0.0% 0.0% 0.0 0.0 2B

2B R2B-S15p-17 9.5 26.8 SP 7 13 0.41 0.75 2.5 3.2% 3.2% 1.0 1.0 Average 1.6% 1.1%

2B R2B-S16vw-17 4.5 29.9 SM 20 40 3.00 3.00 1.33 0.0% 0.0% 0.0 0.0

2B R2B-S16vw-17 7 27.4 SM 13 26 1.33 2.54 2.5 0.4% 0.0% 0.1 0.0

2B R2B-S16vw-17 9.5 24.9 SP 14 27 1.02 1.94 2.5 0.7% 0.0% 0.2 0.0

2B R2B-S16vw-17 12 22.4 SP 14 24 0.73 1.38 2.5 1.8% 0.3% 0.5 0.1

2B W-102-20 9.5 27.3 SM 3 5 0.33 0.61 3.25 4.2% 4.2% 1.6 1.6

2B MH-1 0 27.3 SM 16 22 1.02 1.91 0.2 1% 0.0% 0.0 0.0 2C

2C R2B-S14-17 0 28.5 ML 4 5 0.14 0.25 6.5 3.6% 3.6% 2.8 2.8 Average 3.1% 2.7%

2C R2B-S15p-17 12 24.3 ML 3 5 0.32 0.59 2.5 3.6% 3.6% 1.1 1.1

2C R2B-S15p-17 14.5 21.8 SM 4 7 0.34 0.62 3.75 3.2% 3.2% 1.5 1.5

2C R2B-S16vw-17 14.5 19.9 SP 5 9 0.25 0.46 3.75 4.0% 4.0% 1.8 1.8

2C R2B-S16vw-17 18.25 16.2 SP 4 6 0.20 0.36 5 4.9% 4.9% 2.9 2.9

2C W-102-20 13.25 23.6 MH 0 0 3.00 3.00 4.75 0.0% 0.0% 0.0 0.0

2C W-102-20 18 18.8 ML 10 16 0.60 1.13 5 2.2% 0.7% 1.3 0.4

2C MH-1 7 20.3 SM 10 13 0.51 0.94 2.5 2.9% 1.8% 0.9 0.5

2C MH-1 9.5 17.8 SM 12 15 0.51 0.94 2.5 2.6% 1.5% 0.8 0.4

2C MH-1 12 15.3 SM 5 6 0.26 0.47 3.75 4.2% 4.2% 1.9 1.9 3A

3A R2B-S14-17 6.5 22.0 SM 16 21 0.45 0.85 3 1.6% 1.1% 0.6 0.4 Average 1.7% 1.6%

3A R2B-S14-17 9.5 19.0 SM 15 18 0.37 0.69 2.25 2.0% 2.0% 0.5 0.5

3A R2B-S15p-17 18.25 18.1 SM 7 11 0.40 0.74 5 2.7% 2.7% 1.6 1.6

3A R2B-S16vw-17 23.25 11.2 SM 9 13 0.40 0.75 5 2.5% 2.5% 1.5 1.5

3A W-102-20 23 13.8 GM 25 37 3.00 3.00 5.25 0.0% 0.0% 0.0 0.0

3A W-102-20 28.25 8.6 GM 37 53 3.00 3.00 5 0.0% 0.0% 0.0 0.0

3A MH-1 15.75 11.6 SM 10 12 0.35 0.64 3.75 3.0% 3.0% 1.4 1.4 3E

3E R2B-S15p-17 23.25 13.1 CL 6 9 3.00 3.00 5 0.0% 0.0% 0.0 0.0 Average 2.3% 2.0%

3E R2B-S16vw-17 28.25 6.2 ML 3 4 0.24 0.44 5 3.8% 3.8% 2.3 2.3

3E R2B-S16vw-17 33.25 1.2 ML 5 7 0.28 0.53 5 3.3% 3.3% 2.0 2.0

3E W-102-20 33.25 3.6 ML 15 20 0.74 1.41 5 1.5% 0.3% 0.9 0.2

3E W-102-20 38.25 -1.5 ML 10 13 0.43 0.81 5 2% 2.4% 1.5 1.4

3E MH-1 19.5 7.8 ML 11 13 0.44 0.82 2 2.4% 2.3% 0.6 0.5 4A

4A R2B-S14-17 11.75 16.8 SM 40 44 3.00 3.00 2.5 0.0% 0.0% 0.0 0.0 Average 0.1% 0.0%

4A R2B-S14-17 14.25 14.3 SM 64 71 3.00 3.00 4 0.0% 0.0% 0.0 0.0

4A R2B-S16vw-17 38.25 -3.9 SM 19 25 1.19 2.32 5 0.5% 0.0% 0.3 0.0

4A R2B-S16vw-17 43.25 -8.9 SM 38 47 3.00 3.00 5 0.0% 0.0% 0.0 0.0

4A R2B-S16vw-17 48.25 -13.9 SM 58 69 3.00 3.00 3.25 0.0% 0.0% 0.0 0.0

4A W-102-20 43.25 -6.5 GM 42 51 3.00 3.00 5 0% 0.0% 0.0 0.0

4A W-102-20 48.25 -11.5 SM 56 65 3.00 3.00 3.25 0% 0.0% 0.0 0.0 4E

4E R2B-S14-17 18.25 10.3 ML 100 97 3.00 3.00 3.25 0.0% 0.0% 0.0 0.0 Average 0.0% 0.0%

4E R2B-S15p-17 28.25 8.1 CL 22 33 3.00 3.00 5 0.0% 0.0% 0.0 0.0

4E R2B-S15p-17 33.25 3.1 CL 37 53 3.00 3.00 5 0.0% 0.0% 0.0 0.0

4E R2B-S15p-17 38.25 -2.0 ML 77 106 3.00 3.00 5 0.0% 0.0% 0.0 0.0

4E R2B-S15p-17 43.25 -7.0 CL 73 96 3.00 3.00 3.25 0.0% 0.0% 0.0 0.0

Volumetric_Strain, Evals_strain 1 of 2 11/29/2021, 10:41 AM
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Totals for Each CPT:

SEE Hazard: Full Profile Below Culvert

CPT

Top Depth 

(ft)

Bottom 

Depth (ft)

Liq. Settlement 

(in)

Avg 

Volumetric 

Strain Liq. Settlement (in)

Avg 

Volumetric 

Strain GS Elev (ft)

GW Depth 

(ft)

GW Elev. 

(ft)

W-103-20 4 35 4.2 1.1% 3 1.1% 31 4 27

W-198cp-20 10 48 6.3 1.4% 5.2 1.3% 36 7 29

Overall Average

1.3%

FEE Hazard: Below Culvert

CPT

Top Depth 

(ft)

Bottom 

Depth (ft)

Liq. Settlement 

(in)

Avg 

Volumetric 

Strain Liq. Settlement (in)

Avg 

Volumetric 

Strain GS Elev (ft)

GW Depth 

(ft)

GW Elev. 

(ft)

W-103-20 4 35 3.3 0.9% 2.1 0.8% 31 4 27

W-198cp-20 10 48 4 0.9% 3 0.8% 36 7 29

Overall Average

0.9%

By ESU:

SEE Hazard:

CPT ESU

Top Depth 

(ft)

Bottom 

Depth (ft)

Liq. Settlement 

(in)

Avg 

Volumetric 

Strain ESU

Avg. Vol. 

Str.

2C 4 18 1.9 1.1% 2C 1.3%

3A 18 35 2.3 1.1% 3A 1.8%

2C 10 16 1.1 1.5% 3E 1.2%

3A 16 20 1.2 2.5%

3E 20 48 4 1.2%

FEE Hazard:

CPT

Top Depth 

(ft)

Bottom 

Depth (ft)

Liq. Settlement 

(in)

Avg 

Volumetric 

Strain ESU

Avg. Vol. 

Str.

2C 4 18 1.6 1.0% 2C 1.2%

3A 18 35 1.7 0.8% 3A 1.7%

2C 10 16 1.1 1.5% 3E 0.5%

3A 16 20 1.2 2.5%

3E 20 48 1.7 0.5%

By Individual Layers:

SEE Hazard:

CPT

Top Depth 

(ft)

Bottom 

Depth (ft)

Top Liq. 

Settlement 

(in)

Bottom Liq. 

Settlement (in)

Avg 

Volumetric 

Strain GS Elev. (ft)

Elevation 

(ft) ESU

Avg Vol. 

Str.

W-103-20 4 6 4.2 3.3 3.8% 31 26 2C 3.5%

W-198cp-20 10.5 13 6.3 5.3 3.3% 36 24.25 2C

W-103-20 25.5 27.5 1.9 1.1 3.3% 31 4.5 3A 2.6%

W-103-20 32 34 0.5 0 2.1% 31 -2 3A

W-198cp-20 16 20 5.2 4 2.5% 36 18 3A

W-198cp-20 23.1 25.5 3.9 3.2 2.4% 36 11.7 3E 2.1%

W-198cp-20 32 34 2.5 2.1 1.7% 36 3 3E

W-198cp-20 40 42 1.7 1.2 2.1% 36 -5 3E

W-198cp-20

W-103-20

Liq. Soils

Liq. Soils

W-103-20

W-198cp-20

Volumetric_Strain, CPTs 1 of 1 12/7/2021, 10:41 AM
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Section

Top 

Elevation 

(ft)

Bottom 

Elevation 

(ft)

Thickness 

(ft) ESU

Volumetric 

Strain (%)

Settlement 

(in)

Total 

Settlement 

(in)

Next 

Adjacent 

Section

Differential 

Settlement 

(in)

Distance to 

Next Section 

(ft)

- - - 2B - 0.0

18 13 5 2C 1.3% 0.8

13 3 10 3A 1.8% 2.2

3 -1 4 3E 1.2% 0.6

- - - 2B - 0.0

19 5 14 3A 1.8% 3.0

5 -4 9 3E 1.2% 1.3

- - - 2B - 0.0

- - - 3A - 0.0

20 17 3 2C 1.3% 0.5

17 4 13 3A 1.8% 2.8

4 -7 11 3E 1.2% 1.6

- - - 3A - 0.0

20 18 2 2C 1.3% 0.3

18 9 9 3A 1.8% 2.0

9 0 9 3E 1.2% 1.3

21 19 2 2C 1.3% 0.3

19 15 4 3A 1.8% 0.9

15 7 8 3E 1.2% 1.1

Section

Top 

Elevation 

(ft)

Bottom 

Elevation 

(ft)

Thickness 

(ft) ESU

Volumetric 

Strain (%)

Settlement 

(in)

Total 

Settlement 

(in)

Next 

Adjacent 

Section

Differential 

Settlement 

(in)

Distance to 

Next Section 

(ft)

- - - 2B - 0.0

18 13 5 2C 1.2% 0.7

13 3 10 3A 1.7% 2.0

3 -1 4 3E 0.5% 0.2

- - - 2B - 0.0

19 5 14 3A 1.7% 2.8

5 -4 9 3E 0.5% 0.5

- - - 2B - 0.0

- - - 3A - 0.0

20 17 3 2C 1.2% 0.4

17 4 13 3A 1.7% 2.6

4 -7 11 3E 0.5% 0.7

- - - 3A - 0.0

20 18 2 2C 1.2% 0.3

18 9 9 3A 1.7% 1.8

9 0 9 3E 0.5% 0.5

21 19 2 2C 1.2% 0.3

19 15 4 3A 1.7% 0.8

15 7 8 3E 0.5% 0.5

SEE SEE

Angular Distortion (Along 

Fish Passage; Tranverse to 

Roadway Direction)

1 3.6 2 0.7 90 0.0006 0.06%

2 4.3 3 0.6 90 0.0006 0.06%

0.14%

4 3.6 5 1.3 80 0.0014 0.14%

3 4.9 4 1.3 80 0.0014

-

FEE FEE

Angular Distortion (Along 

Fish Passage; Tranverse to 

Roadway Direction)

1 2.9 2 0.4 90 0.0004

5 2.3 - - - -

0.04%

2 3.3 3 0.4 90 0.0004 0.04%

0.11%

4 2.6 5 1.0 80 0.0010 0.10%

3 3.7 4 1.1 80 0.0011

-5 1.6 - - - -

Volumetric_Strain, Evals_diff_settle (below)  1 of 1 12/7/2021, 10:43 AM
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1. Global Stability 

Site Geometry: 
Profile of Wall 07.50R 

 
Due to the extension of analyzed area toward west (backfill side), ESU profile of Fish Passage Gypsy under 

I-405 was used in calculations. 

 

Selected Sections and their parameters in Analysis:  
Section Number1 1 2 3 

Station 0+25 – 0+452 0+45 – 0+68 
0+68 to edge of 

culvert 

Elev. of back of Wall 50.5 50 50 

Elev. of front of wall, ft 40.5 30.5 27.5 

Elev. of bottom of wall, ft  38.5 28.5 21.53 

Exposed wall height, ft 10 19.5 22.5 

Full wall height, ft 12 21.5 28.5 

Elev. of the grade 40-ft from 

the wall4, ft 
32 27 26.5 

Required Reinforced length5, ft 9 92 88 

Groundwater Elev.  29 29 29 

Note:  

1. See Profile view for the location; due to the symmetric wall design on both side of culvert, the recommended 

parameters can be applied to the wall on both side of culvert. Sections 4 thru 6 are corresponding Sections 1 

thru 3 (Section 1 to Section 6, Section 2 to Section 5, and Section 3 to Section 4).  

2. Station 0+45 is the maximum wall height that standard geosynthetic reinforced zone can be applied.  

3. It’s to match the elevation of bottom wall face noted on structural drawing 

4. Slope in front of wall interpolated based on provided cross-sections. 

5. Reinforced length for 0+25-0+45 is standard design, 0.7 H (8.4 round up to 9); for the other two sections are 

non-standard design.  
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Input model Parameters in SlopeW analysis: 

Case I (Static) 

 

 

Case II (Post-Liquefication) 

 

*Select smaller Fs value to be conservative 

**ESU#2C, ESU#3A, and ESU#3E are subject to liquefy 

 

Case III (Pseudo-Static) 

 

 

 

Summary of the Three Sections 

 
Section 1 2 3 

Factor of 

safety 

Static 1.8 3.7 3.7 

Post-Liquefication 1.1 1.1 1.1 

Pseudo-Static 1.2 1.3 1.3 

 

Settlement, in. 2.5 4.0 3.5 

 

Bearing 

Capacity, 

NBR, ksf 

Static 25.1 44.6 25.5 

Extreme Event- Pseudo-Static 18.7 44.6 25.5 
Extreme Event- Post-Liquefication 18.7 27.2 16.5 

 

 

 

 

 

Model Failure search Strength Parameters Surcharge  

Spencer Entry + Exit Static 250 psf 

Model Failure search* Strength Parameters** Surcharge  

Morgenstern-Price Radius/Entry +Exit Post-liquefication 125 psf 

Model Failure search Strength Parameters Surcharge  Horizontal  

Spencer Entry + Exit Static 125 psf 0.253 

4.2 4.3
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Output of Calculation Results on Section 1 

• Case I (Static) 

• Case II (Post-Liquefication) 

• Case IIII (Pseudo-Static) 
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Color Name Model Unit 

Weight

(pcf)

Cohesion'

(psf)

Phi' 

(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Sta Mohr-Coulomb 90 550 0

ESU #3A -Sta Mohr-Coulomb 110 0 32

ESU #3E -Sta Mohr-Coulomb 110 0 30

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 250 pcf

Horz Seismic Coef.: 

Date: 9/2/2021

Name: Static

File Name: Wall 07.50R - Section 1- 0+45.gsz

Scale: 1:250
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Color Name Model Unit 

Weight

(pcf)

Cohesion'

(psf)

Phi'

(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Liq Mohr-Coulomb 110 72 3

ESU #3A -Liq Mohr-Coulomb 110 230 6

ESU #3E -Liq Mohr-Coulomb 110 128 4

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Morgenstern-Price

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 

Date: 9/2/2021

Name: Post-Liq - entry-exit search

File Name: Wall 07.50R - Section 1- 0+45.gsz

Scale: 1:250
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Color Name Model Unit 

Weight

(pcf)

Cohesion'

(psf)

Phi'

(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Liq Mohr-Coulomb 110 72 3

ESU #3A -Liq Mohr-Coulomb 110 230 6

ESU #3E -Liq Mohr-Coulomb 110 128 4

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 

Date: 9/2/2021

Name: Post-Liq - entry-exit search (2)

File Name: Wall 07.50R - Section 1- 0+45.gsz

Scale: 1:250



1.2

Distance

-130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60

E
le

v
a
ti
o
n

-10

0

10

20

30

40

50

60

70

Color Name Model Unit 

Weight

(pcf)

Cohesion'

(psf)

Phi'

(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Sta Mohr-Coulomb 90 550 0

ESU #3A -Sta Mohr-Coulomb 110 0 32

ESU #3E -Sta Mohr-Coulomb 110 0 30

ESU #4E (undrained) Mohr-Coulomb 125 6,000 0

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 0.253

Date: 9/2/2021

Name: Peudo-Static

File Name: Wall 07.50R - Section 1- 0+45.gsz

Scale: 1:250
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Output of Calculation Results on Section 2 

• Case I (Static) 

• Case II (Post-Liquefication) 

• Case IIII (Pseudo-Static) 
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Phi' 

(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Sta Mohr-Coulomb 90 550 0

ESU #3A -Sta Mohr-Coulomb 110 0 32

ESU #3E -Sta Mohr-Coulomb 110 0 30

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 250 pcf

Horz Seismic Coef.: 

Date: 8/6/2021

Name: Static

File Name: Wall 07.50R - Section 2- Critical.gsz

Scale: 1:250
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(psf)

Phi'

(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Liq Mohr-Coulomb 110 72 3

ESU #3A -Liq Mohr-Coulomb 110 230 6

ESU #3E -Liq Mohr-Coulomb 110 128 4

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Morgenstern-Price

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 

Date: 8/6/2021

Name: Post-Liq - entry-exit search

File Name: Wall 07.50R - Section 2- Critical.gsz

Scale: 1:250
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Color Name Model Unit 

Weight
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(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Liq Mohr-Coulomb 110 72 3

ESU #3A -Liq Mohr-Coulomb 110 230 6

ESU #3E -Liq Mohr-Coulomb 110 128 4

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 

Date: 9/2/2021

Name: Post-Liq - entry-exit search (2)

File Name: Wall 07.50R - Section 2- Critical.gsz

Scale: 1:250
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Weight
(pcf)

Cohesion'
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Phi'
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Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Sta Mohr-Coulomb 90 550 0

ESU #3A -Sta Mohr-Coulomb 110 0 32

ESU #3E -Sta Mohr-Coulomb 110 0 30

ESU #4E(undrained) Mohr-Coulomb 125 6,000 0

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 0.253

Date: 8/6/2021

Name: Pseudo-Static

File Name: Wall 07.50R - Section 2- Critical.gsz

Scale: 1:250
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Output of Calculation Results on Section 3 

• Case I (Static) 

• Case II (Post-Liquefication) 

• Case IIII (Pseudo-Static) 
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Color Name Model Unit 
Weight

(pcf)

Cohesion'
(psf)

Phi' 
(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Sta Mohr-Coulomb 90 550 0

ESU #3A -Sta Mohr-Coulomb 110 0 32

ESU #3E -Sta Mohr-Coulomb 110 0 30

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 250 pcf

Horz Seismic Coef.: 

Date: 8/5/2021

Name: Static

File Name: Wall 07.50R - Section 3- Bot EL 24.gsz

Scale: 1:250
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Color Name Model Unit 
Weight

(pcf)

Cohesion'
(psf)

Phi'
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Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Liq Mohr-Coulomb 110 72 3

ESU #3A -Liq Mohr-Coulomb 110 230 6

ESU #3E -Liq Mohr-Coulomb 110 128 4

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Morgenstern-Price

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 

Date: 8/5/2021

Name: Post-Liq - entry-exit search

File Name: Wall 07.50R - Section 3- Bot EL 24.gsz

Scale: 1:250
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Color Name Model Unit 
Weight

(pcf)

Cohesion'
(psf)

Phi'
(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Liq Mohr-Coulomb 110 72 3

ESU #3A -Liq Mohr-Coulomb 110 230 6

ESU #3E -Liq Mohr-Coulomb 110 128 4

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 

Date: 9/2/2021

Name: Post-Liq - entry-exit search (2)

File Name: Wall 07.50R - Section 3- Bot EL 24.gsz

Scale: 1:250
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Color Name Model Unit 
Weight

(pcf)

Cohesion'
(psf)

Phi' 
(°)

Common Borrow Mohr-Coulomb 120 0 32

ESU #1B Mohr-Coulomb 125 0 38

ESU #2C -Sta Mohr-Coulomb 90 550 0

ESU #3A -Sta Mohr-Coulomb 110 0 32

ESU #3E -Sta Mohr-Coulomb 110 0 30

ESU #4E Mohr-Coulomb 125 627 36

Reinforced Zone High Strength 130

Method: Spencer

Surcharge (Unit Weight): 125 pcf

Horz Seismic Coef.: 0.253

Date: 8/6/2021

Name: Pseudo-Static

File Name: Wall 07.50R - Section 3- Bot EL 24.gsz

Scale: 1:250



Type =

39 feet 38.5 feet

29 feet 1810 psf

120 pcf 8.4 ft

60 psf - Not Appicable

120 pcf Distributed Embankment Pressure (Dp) #VALUE! Not Appicable

1810 psf

Layer 

No. Material Code**

Layer      

Top 

Elevation

Layer     

Thickness                      

H (feet) 

(see Note 

3)

Satuarted

 Unit Weight

γ
(pcf)

Effective 

Unit Weight

γ'

 (pcf)

Existing effective 

overburden 

Pressure                   

Bot. of Layer            

psf)          

Existing 

effective 

overburden 

Pressure             

Mid. of Layer                   

Po (psf)

N160

Bearing 

Capacity 

Index                   

C'

Distributed 

Additional 

Pressure

 ∆p (Notes 

1&2)

(psf)

Settlement 

of 

Subdivided 

Layer

 ∆H 

(in.)

Cumulative

Settlement 

Σ∆H 

(in.)

1 Common Borrow SM 38.5 4.5 120 120 600 330 15 49 1427.6 0.80 0.80

2 ESU #1B SM 34 8 125 125 1600 1100 42 99 899.6 0.25 1.05

3 ESU #3A SM 26 2 110 47.6 1695 1648 13 46 694.2 0.08 1.13

4 ESU#2C ML 24 4 90 27.6 1806 1750 6 25 610.6 0.25 1.38

5 ESU#3A SM 20 7 110 47.6 2139 1972 13 46 500.1 0.18 1.56

6 ESU#3E ML 13 10 110 47.6 2615 2377 10 29 390.8 0.27 1.83

7 - - - - - - - -

8 - - - - - - - -

Code** Model Notes: DOT = 1.8 inches

ML INORGANIC SILT

SM f/m silty SAND

SW Well graded fine to coarse SAND

GM Well graded silty SAND & Gravel

SP Clean uniform medium SAND 4. Refer to WSDOT GDM (2015), Section 8.11.2.3.1. for applicability. 

Prepared by: C.T. Tang Date: 11/18/2021

Reviewed by: B. Lien Date: 11/18/2021

Estimated Settlement

1. For Shallow Footings, a 1H:2V stress increase ditribution is considerted; one-way for wall footing and 2-way for square footing.

2. For Embankment Fill, assume no reduction of the aerial surcharge load vs.depths.

3. AASHO (2017), C10.6.2.4.2, "The subsurface soil profile should be subdivided into layers based on stratigraphy to a depth of about three times the 

footing width. The maximum layer thickness should be about 10 ft.."; or engineering judgement be made. 

Bottom of Footing/Embankment Subrade Elevation

Groundwater Elevation
Foundation

Net Bearing Pressure on Bottom of Footing

Total Unit Weight of Soil from Ex. GSE to BOF EL.) Width of Footing

Existing Surchage pressure above BOF EL.
Embankment

Proposed Finished Grade Elevation

Weighted Effective Unit Weight of Soil from Ex. GSE to BOF EL.)

Soil Bearing Pressure used in Calculation

Settlement Calculation for Shallow Footing or Embankment (Hough Method)
Project/Task Name:  Wall 07.50R - Cross-section 0+75

Notes: Based on Section 1 (Full wall height = 12 ft, Net Pressure = 12*130+250 = 1810 psf)

Existing Subsurface Condition Proposed Construction Shallow Wall Footing
Accept Inputs in 

yellow-marked 

Cells ONLY

Existing Ground Surface Elevation



Type =

34 feet 33.5 feet

29 feet - Not Appicable

120 pcf - Not Appicable

60 psf 38.5 ft

120 pcf Distributed Embankment Pressure (Dp) 540 psf

540 psf

Layer 

No. Material Code**

Layer      

Top 

Elevation

Layer     

Thickness                      

H (feet) 

(see Note 

3)

Satuarted

 Unit Weight

γ
(pcf)

Effective 

Unit Weight

γ'

 (pcf)

Existing effective 

overburden 

Pressure                   

Bot. of Layer            

psf)          

Existing 

effective 

overburden 

Pressure             

Mid. of Layer                   

Po (psf)

N160

Bearing 

Capacity 

Index                   

C'

Distributed 

Additional 

Pressure

 ∆p (Notes 

1&2)

(psf)

Settlement 

of 

Subdivided 

Layer

 ∆H 

(in.)

Cumulative

Settlement 

Σ∆H 

(in.)

1 ESU #1B SM 33.5 7.5 125 125 998 529 42 99 540.0 0.28 0.28

2 ESU #3A SM 26 2 110 47.6 1093 1045 13 46 540.0 0.09 0.37

3 ESU#2C ML 24 4 90 27.6 1203 1148 6 25 540.0 0.32 0.69

4 ESU#3A SM 20 7 110 47.6 1536 1370 13 46 540.0 0.26 0.96

5 ESU#3E ML 13 8 110 47.6 1917 1727 10 29 540.0 0.39 1.35

6 ESU #4E ML 5 20 125 62.6 3169 2543 71 113 540.0 0.18 1.53

7 ESU #4E ML -15 20 125 62.6 4421 3795 71 113 540.0 0.12 1.65

8 ESU #4E ML -35 10 125 62.6 5047 4734 71 113 540.0 0.05 1.70

Code** Model Notes: DOT = 1.7 inches

ML INORGANIC SILT

SM f/m silty SAND

SW Well graded fine to coarse SAND

GM Well graded silty SAND & Gravel

SP Clean uniform medium SAND 4. Refer to WSDOT GDM (2015), Section 8.11.2.3.1. for applicability. 

Prepared by: C.T. Tang Date: 11/18/2021

Reviewed by: B. Lien Date: 11/18/2021

Existing Subsurface Condition Proposed Construction Embankment Fill
Accept Inputs in 

yellow-marked 

Cells ONLY

Existing Ground Surface Elevation

Settlement Calculation for Shallow Footing or Embankment (Hough Method)
Project/Task Name:  Wall 07.50R - Section 1

Notes: Settlement at Section 1, due to surchage of the embankment fill (Approximately 5 feet thick) below the bottom of the Wall, calculated as 1.7 inches (See Calcs 

below). As a result, the total settlement due to the embankment fill placement and wall surchage is 1.8 + 1.7 = 3.5 inches. 

Bottom of Footing/Embankment Subrade Elevation

Groundwater Elevation
Foundation

Net Bearing Pressure on Bottom of Footing

Total Unit Weight of Soil from Ex. GSE to BOF EL.) Width of Footing

Existing Surchage pressure above BOF EL.
Embankment

Proposed Finished Grade Elevation

Weighted Effective Unit Weight of Soil from Ex. GSE to BOF EL.)

Soil Bearing Pressure used in Calculation

Estimated Settlement

1. For Shallow Footings, a 1H:2V stress increase ditribution is considerted; one-way for wall footing and 2-way for square footing.

2. For Embankment Fill, assume no reduction of the aerial surcharge load vs.depths.

3. AASHO (2017), C10.6.2.4.2, "The subsurface soil profile should be subdivided into layers based on stratigraphy to a depth of about three times the 

footing width. The maximum layer thickness should be about 10 ft.."; or engineering judgement be made. 



Type =

35 feet 28.5 feet

29 feet 2107.5 psf

125 pcf 92 ft

781.3 psf - Not Appicable

120.2 pcf Distributed Embankment Pressure (Dp) #VALUE! Not Appicable

2107.5 psf

Layer 

No. Material Code**

Layer      

Top 

Elevation

Layer     

Thickness                      

H (feet) 

(see Note 

3)

Satuarted

 Unit Weight

g
(pcf)

Effective 

Unit Weight

g'

 (pcf)

Existing effective 

overburden 

Pressure                   

Bot. of Layer            

psf)          

Existing 

effective 

overburden 

Pressure             

Mid. of Layer                   

Po (psf)

N160

Bearing 

Capacity 

Index                   

C'

Distributed 

Additional 

Pressure

 Dp (Notes 

1&2)

(psf)

Settlement 

of 

Subdivided 

Layer

 DH 

(in.)

Cumulative

Settlement 

SDH 

(in.)

1 ESU #1B SM 28.5 2 125 62.6 907 906 42 99 2084.8 0.13 0.13

2 ESU #3A SM 26.5 3 110 47.6 1049 978 13 46 2030.3 0.38 0.51

3 ESU#2C ML 23.5 2.5 90 27.6 1118 1084 6 25 1973.4 0.54 1.05

4 ESU #3A SM 21 8 110 47.6 1499 1309 13 46 1873.3 0.81 1.85

5 ESU#3E ML 13 8 110 47.6 1880 1690 10 29 1738.9 1.02 2.87

6 ESU #4E ML 5 20 125 62.6 3132 2506 71 113 1544.9 0.44 3.31

7 ESU #4E ML -15 20 125 62.6 4384 3758 71 113 1332.6 0.28 3.59

8 ESU #4E ML -35 10 125 62.6 5010 4697 71 113 1208.0 0.11 3.70

Code** Model Notes: DOT = 3.7 inches

ML INORGANIC SILT

SM f/m silty SAND

SW Well graded fine to coarse SAND

GM Well graded silty SAND & Gravel

SP Clean uniform medium SAND 4. Refer to WSDOT GDM (2015), Section 8.11.2.3.1. for applicability. 

Prepared by: C.T. Tang Date: 11/18/2021

Reviewed by: B. Lien Date: 11/18/2021

Existing Subsurface Condition Proposed Construction Shallow Wall Footing
Accept Inputs in 

yellow-marked 

Cells ONLY

Existing Ground Surface Elevation

Settlement Calculation for Shallow Footing or Embankment (Hough Method)
Project/Task Name:  Wall 07.50R 

Notes: Based on Section 2 (Height = 21.5 ft, Net Pressure = 21.5*130 - 7.5*125 +250 psf; where 7.5 feet is removal of existing soil) - Profile based on FP

Bottom of Footing/Embankment Subrade Elevation

Groundwater Elevation
Foundation

Net Bearing Pressure on Bottom of Footing

Total Unit Weight of Soil from Ex. GSE to BOF EL.) Width of Footing

Existing Surchage pressure above BOF EL.
Embankment

Proposed Finished Grade Elevation

Weighted Effective Unit Weight of Soil from Ex. GSE to BOF EL.)

Soil Bearing Pressure used in Calculation

Estimated Settlement

1. For Shallow Footings, a 1H:2V stress increase ditribution is considerted; one-way for wall footing and 2-way for square footing.

2. For Embankment Fill, assume no reduction of the aerial surcharge load vs.depths.

3. AASHO (2017), C10.6.2.4.2, "The subsurface soil profile should be subdivided into layers based on stratigraphy to a depth of about three times the 

footing width. The maximum layer thickness should be about 10 ft.."; or engineering judgement be made. 



Type =

35 feet 24.3 feet

29 feet 2268 psf

120 pcf 92 ft

990.72 psf - Not Appicable

92.59065 pcf Distributed Embankment Pressure (Dp) #VALUE! Not Appicable

2268 psf

Layer 

No. Material Code**

Layer      

Top 

Elevation

Layer     

Thickness                      

H (feet) 

(see Note 

3)

Satuarted

 Unit Weight

g
(pcf)

Effective 

Unit Weight

g'

 (pcf)

Existing effective 

overburden 

Pressure                   

Bot. of Layer            

psf)          

Existing 

effective 

overburden 

Pressure             

Mid. of Layer                   

Po (psf)

N160

Bearing 

Capacity 

Index                   

C'

Distributed 

Additional 

Pressure

 Dp (Notes 

1&2)

(psf)

Settlement 

of 

Subdivided 

Layer

 DH 

(in.)

Cumulative

Settlement 

SDH 

(in.)

1 ESU #3A SM 24.3 0.8 110 47.6 1029 1035 13 46 2258.2 0.10 0.10

2 ESU #2C ML 23.5 2.5 90 27.6 1098 1063 6 25 2218.6 0.59 0.69

3 ESU #3A SM 21 8 110 47.6 1479 1288 13 46 2101.3 0.88 1.57

4 ESU#3E ML 13 8 110 47.6 1859 1669 10 29 1944.6 1.11 2.68

5 ESU #4E ML 5 15 125 62.6 2798 2329 71 113 1756.4 0.39 3.07

6 ESU #4E ML -10 10 125 62.6 3424 3111 71 113 1589.2 0.19 3.26

7 ESU #4E ML -20 19 125 62.6 4614 4019 71 113 1431.1 0.27 3.53

8 ESU #4E ML -39 10 125 62.6 5240 4927 71 113 1301.7 0.11 3.63

Code** Model Notes: DOT = 3.6 inches

ML INORGANIC SILT

SM f/m silty SAND

SW Well graded fine to coarse SAND

GM Well graded silty SAND & Gravel

SP Clean uniform medium SAND 4. Refer to WSDOT GDM (2015), Section 8.11.2.3.1. for applicability. 

Prepared by: C.T. Tang Date: 11/18/2021

Reviewed by: B. Lien Date: 11/18/2021

Existing Subsurface Condition Proposed Construction Shallow Wall Footing
Accept Inputs in 

yellow-marked 

Cells ONLY

Existing Ground Surface Elevation

Settlement Calculation for Shallow Footing or Embankment (Hough Method)
Project/Task Name:  Wall 07.50R - Cross-section 0+75

Notes: Based on Section 3 (Height = 25.4 ft, Net Pressure = 25.4*130 - 10.7*120 +250 psf; where 10.7 feet is removal of existing soil) - Profile based on FP

Bottom of Footing/Embankment Subrade Elevation

Groundwater Elevation
Foundation

Net Bearing Pressure on Bottom of Footing

Total Unit Weight of Soil from Ex. GSE to BOF EL.) Width of Footing

Existing Surchage pressure above BOF EL.
Embankment

Proposed Finished Grade Elevation

Weighted Effective Unit Weight of Soil from Ex. GSE to BOF EL.)

Soil Bearing Pressure used in Calculation

Estimated Settlement

1. For Shallow Footings, a 1H:2V stress increase ditribution is considerted; one-way for wall footing and 2-way for square footing.

2. For Embankment Fill, assume no reduction of the aerial surcharge load vs.depths.

3. AASHO (2017), C10.6.2.4.2, "The subsurface soil profile should be subdivided into layers based on stratigraphy to a depth of about three times the 

footing width. The maximum layer thickness should be about 10 ft.."; or engineering judgement be made. 
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Project No.:  Phase:  

Calculation: Wall Design Calculations Task:  

By: C. T. Tang Date: 4/22/2020 

Checked By: B. Lien Date: 4/22/2020 

  

 

 

3. External Stability 

See following pages of Mathcad output  

 

This calculation sheet is used for Eccentricity and Sliding Stability check; 

the bearing capacities are evaluated by another excel spreadsheet. 

 

Parameters of Section 3 was selected to external stability check, as it’s 

the critical height location.  

 



Project: I-405 Wall 07.50R Sheet: 10  of  15 

Project No.:  Phase:  

Calculation: Wall Design Calculations Task:  

By: C. T. Tang Date: 4/22/2020 

Checked By: B. Lien Date: 4/22/2020 

  

 

 

4. Bearing Capacity    
A. Section 1  

Calculation of Zone of Influence:  

Static Condition Post-Liquefication 

 

The soil layers within the zone of influence are not subject 

to liquefy  
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Project No.:  Phase:  

Calculation: Wall Design Calculations Task:  

By: C. T. Tang Date: 4/22/2020 

Checked By: B. Lien Date: 4/22/2020 

  

 

 

Calculation of eccentricity of the wall:  

 

Section 1 – Reinforced Length = 10 feet, Full Height = 13 feet. 

 

Static Condition (Strength 1a)- 

 
 

 

Pseudo-Static and Post-Liquefication Condition (Extreme Event)- 

 
 



Accept Inputs in yellow-marked Cells ONLY

 

(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 58.044 58.044 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 41.643 41.643 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 41.151 41.151 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.0 ksf N c  = (N q  - 1)cot φ 46.124 46.12 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 35.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

33.296 33.30 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 48.029 48.03 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 9.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 20.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.92 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 0.00 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 7.16 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.072

Effective Footing Length (L' = L - 2e L ) 20.00 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.258

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 11.5 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.857

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.251

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.26 1.26 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 6.88 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 120.00 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 0.0 + 9,994.2 + psf

q n  = 25,053.7 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 1

 NOTE: Static Condition, B value in the input equals to B-2e, which is effective footing width (See previous page for value of e)
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BEARING RESISTANCE CALCULATIONS

0.5 γ B'N γ m C w γ

15,059.5

https://woodplc-my.sharepoint.com/personal/chienting_tang_woodplc_com/Documents/(WSDOT) Fish Pass (Gypsy)/Wall 07.50R/External + Settlement/Bearing Capacity - Nominal Bearing Resistance (AASHTO LRFD)(2021-04-26) 07.50R Page 1
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(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 53.216 53.216 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 38.262 38.262 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 43.937 43.937 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.0 ksf N c  = (N q  - 1)cot φ 46.124 46.12 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 35.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

33.296 33.30 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 48.029 48.03 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 9.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 20.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 2.37 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 0.00 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 4.26 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.043

Effective Footing Length (L' = L - 2e L ) 20.00 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.154

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 11.5 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.915

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.149

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.18 1.18 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 4.09 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 120.00 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 0.0 + 9,182.9 + psf

q n  = 18,749.4 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 1

 NOTE: Extreme Event (Psuedo-Static and Post-Liquefication Condition, B value in the input equals to B-2e, which is effective footing width (See previous page for value of e)
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BEARING RESISTANCE CALCULATIONS

0.5 γ B'N γ m C w γ
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B. Section 2 

Calculation of Zone of Influence:  

Static Condition Post-Liquefication 
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Calculation of eccentricity of the wall:  

 

Section 2 – Reinforced Length = 92 feet, Full Height = 21.5 feet. 

 

Static Condition (Strength 1a)- 

 
 

Pseudo-Static and Post-Liquefication Condition (Extreme Event)- 

 
 

 



Accept Inputs in yellow-marked Cells ONLY

 

(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 37.888 37.888 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 23.765 23.765 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 23.365 23.365 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.62 ksf N c  = (N q  - 1)cot φ 32.671 32.67 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 31.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

20.631 20.63 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 25.994 25.99 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 23.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 92.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.00 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 0.52 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 23.00 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.051

Effective Footing Length (L' = L - 2e L ) 90.96 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.160

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 1.5 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.899

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.152

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.20 1.20 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 20.33 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 57.60 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 23,490.4 + 4,990.7 + psf

q n  = 44,603.0 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021
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BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Wood Project Name: Wall 07.50R- Section 2
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D w  > 1.5B' + D f

0.875

Nominal Bearing Resistance

D w  > 1.5B' + D f

0.500

Shallow Foundation Footing

 NOTE: Static Condition, due to the ratio of reinforced length and width of the section, assigning reinforced length as L with effective footing L-2e, instead of B, in calculation below (See previous page for value of e)

BEARING RESISTANCE CALCULATIONS

0.5 γ B'N γ m C w γ

16,121.9
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Accept Inputs in yellow-marked Cells ONLY

 

(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 38.001 38.001 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 23.834 23.834 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 23.308 23.308 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.62 ksf N c  = (N q  - 1)cot φ 32.671 32.67 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 31.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

20.631 20.63 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 25.994 25.99 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 23.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 92.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.00 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 1.49 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 23.00 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.052

Effective Footing Length (L' = L - 2e L ) 89.02 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.163

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 1.5 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.897

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.155

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.21 1.21 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 20.33 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 57.60 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 23,560.9 + 5,005.1 + psf

q n  = 44,648.3 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 2

 NOTE: Psuedo-Static Condition, due to the ratio of reinforced length and width of the section, assigning reinforced length as L with effective footing L-2e, instead of B, in calculation below (See previous page for value of e)
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BEARING RESISTANCE CALCULATIONS

0.5 γ B'N γ m C w γ
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(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 29.607 29.607 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 16.742 16.742 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 14.989 14.989 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.45 ksf N c  = (N q  - 1)cot φ 25.803 25.80 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 28.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

14.720 14.72 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 16.717 16.72 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 23.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 92.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.00 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 1.49 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 23.00 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.052

Effective Footing Length (L' = L - 2e L ) 89.02 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.147

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 1.5 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.897

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.137

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.21 1.21 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 19.14 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 57.60 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 13,322.9 + 3,515.8 + psf

q n  = 27,181.3 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 2

 NOTE: Post-Liquefication Condition, due to the ratio of reinforced length and width of the section, assigning reinforced length as L with effective footing L-2e, instead of B, in calculation below (See previous page for value of e)
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C. Section 3 

Calculation of Zone of Influence:  

Static Condition Post-Liquefication 
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Calculation of eccentricity of the wall:  

 

Section 3 – Reinforced Length = 88 feet, Full Height = 28.5 feet. 

 

Static Condition (Strength 1a)- 

 
 

Pseudo-Static and Post-Liquefication Condition (Extreme Event)- 

 



Accept Inputs in yellow-marked Cells ONLY

 

(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 28.616 28.616 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 16.862 16.862 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 18.983 18.983 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.7 ksf N c  = (N q  - 1)cot φ 27.860 27.86 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 29.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

16.443 16.44 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 19.338 19.34 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 4.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 88.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.00 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 0.46 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 4.00 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.009

Effective Footing Length (L' = L - 2e L ) 87.08 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.027

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 0.0 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.982

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.025

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.04 1.04 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 3.40 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 57.60 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 21,175.7 + 2,023.4 + psf

q n  = 25,477.0 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 3

 NOTE: Static Condition, due to the ratio of reinforced length and width of the section, assigning reinforced length as L with effective footing L-2e, instead of B, in calculation below (See previous page for value of e)
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(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 28.647 28.647 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 16.879 16.879 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 18.968 18.968 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.7 ksf N c  = (N q  - 1)cot φ 27.860 27.86 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 29.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

16.443 16.44 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 19.338 19.34 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 4.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 88.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.00 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 2.19 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 4.00 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.010

Effective Footing Length (L' = L - 2e L ) 83.62 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.028

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 0.0 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.981

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.027

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.05 1.05 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 3.40 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 57.60 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 21,198.8 + 2,025.5 + psf

q n  = 25,500.5 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 3

 NOTE: Psuedo-Static Condition, due to the ratio of reinforced length and width of the section, assigning reinforced length as L with effective footing L-2e, instead of B, in calculation below (See previous page for value of e)
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(q n ) = cN cm  + γ D f N qm C wq  +  0.5 γ B'N γ m C w γ AAHTO (Eq. 10.6.3.1.2a-1)

Unfactored Moment Parallel to Dimension B  (M B ) = 0.0 kip-ft  Computed Value Selected Value

Unfactored Moment Parallel to Dimension L  (M L ) = 0.0 kip-ft N cm  = N c s c i c 26.507 26.507 AAHTO (Eq. 10.6.3.1.2a-2)

Unfactored Vertical Load (V ) = 0.0 kips N qm  = N q s q d q i q 15.094 15.094 AAHTO (Eq. 10.6.3.1.2a-3)

Unfactored Horizontal Load (H ) = 0.0 kips N γ m  = N γ s γ i γ 16.397 16.397 AAHTO (Eq. 10.6.3.1.2a-4)

Cohesion (c ) = 0.5 ksf N c  = (N q  - 1)cot φ 25.803 25.80 Bowles, Table 4-1 (Myerhof)

Friction Angle (φ f ) = 28.0 deg N q  = tan
2

(45 + φ /2)e
π tan φ

14.720 14.72 Bowles, Table 4-1 (Myerhof)

Footing Embedment Depth (D f ) = 2.0 feet N γ  = 2(N q  + 1)tan φ 16.717 16.72 Bowles, Table 4-1 (Vesic)

Footing Width (B ) = 4.0 feet D w  = 0 C wq  = 0.5 0.500

Footing Length (L ) = 88.0 feet D w  = D f C wq  = 1.0 1.000

Total Soil Unit Weight (γ ) = 120.0 pcf C wq  = 1.0 1.000

Buoyant Soil Unit Weight (γ ' ) = 57.6 pcf D w  = 0 C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension B (e B  = M Bf / V f ) 0.00 feet D w  = D f C w γ  = 0.5 0.500

Eccentricity Parallel to Dimension L (e L  = M Lf / V f ) 2.19 feet C w γ  = 1.0 1.000

Effective Footing Width (B' = B - 2e B ) 4.00 feet  φ f  = 0 s c  = 1 + {B'/(5L')} 1.010

Effective Footing Length (L' = L - 2e L ) 83.62 feet φ f  > 0 s c  = 1 + (B'/L')(N q /N c ) 1.027

Vertical Stress, Excluding Moments (σ  = V / BL )= 0.0 psf φ f  = 0 s γ  = 1.0 1.000

Depth to GWL Below Ground Surface (D w ) = 0.0 feet φ f  > 0 s γ  = 1 - 0.4(B'/L') 0.981

Load Direction in Plane of Footing Measured φ f  = 0 s q  = 1.0 1.000

 from Side of Length L  (θ ) = deg φ f  > 0 s q  = 1 + {(B'/L')tan φ f } 1.025

Surcharge Pressure (γ D f ) = 240.0 psf φ f  = 0 i c  = 1-{(nH)/(cB'L'N c )} 1.000 AAHTO (Eq. 10.6.3.1.2a-5)

Factored Moment Parallel to Dimension B  (M Bf ) = 0.0 kip-ft φ f  > 0 i c  = i q  - [(1-i q )/(N q -1)] 1.000 AAHTO (Eq. 10.6.3.1.2a-6)

Factored Moment Parallel to Dimension L  (M Lf ) = 0.0 kip-ft i q  = [1 - {H/(V + cB'L'cot φ f )}]
n

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-7)

Factored Vertical Load (V f ) = 1.0 kips i γ  = [1 - {H/(V + cB'L'cot φ f )}]
(n+1)

1.000 1.00 AAHTO (Eq. 10.6.3.1.2a-8)

Factored Horizontal Load (H f ) = 1.0 kips n = [(2 + L'/B')/(1 + L'/B')]cos
2 θ  + [(2 + B'/L')/(1 + B'/L')]sin

2 θ 1.05 1.05 AAHTO (Eq. 10.6.3.1.2a-9)

φ f  = 32 D f /B' = 1 d q  = 1.20

Weighted Average Weight above Bottom of Footing (ϒ1) 120.00 psf φ f  = 32 D f /B' = 2 d q  = 1.30

Effictive Shear Depth of Interest Below Bottom of Footing (Hcr ) 3.33 feet φ f  = 32 D f /B' = 4 d q  = 1.35

Weighted Average Weight below Bottom of Footing   (ϒ2) 57.60 psf φ f  = 32 D f /B' = 8 d q  = 1.40

φ f  = 37 D f /B' = 1 d q  = 1.20

φ f  = 37 D f /B' = 2 d q  = 1.25

φ f  = 37 D f /B' = 4 d q  = 1.30

φ f  = 37 D f /B' = 8 d q  = 1.35

φ f  = 42 D f /B' = 1 d q  = 1.15

φ f  = 42 D f /B' = 2 d q  = 1.20

φ f  = 42 D f /B' = 4 d q  = 1.25

φ f  = 42 D f /B' = 8 d q  = 1.30

Nominal Bearing Resistance (q n ) = cN cm + γ D f N qm C wq +

q n  = 12,723.6 + 1,811.3 + psf

q n  = 16,502.5 psf

References:  

AASHTO LRFD Bridge Design Specifications (2017), Chapter 10. Prepared by: C.T. Tang Date: 5/6/2021

Bowles, J.E. (1997), Foundation Analysis and Design, 5th Edition, McGraw-Hill Book Company, Singapore, p.219-223 Reviewed by: Bon Lien Date: 5/6/2021

BEARING AND SLIDING RESISTANCE OF AN ECCENTRICALLY LOADED RECTANGULAR FOOTING 

Shallow Foundation Footing

Wood Project Name: Wall 07.50R- Section 3

 NOTE: Post-Liquefication Condition Condition, due to the ratio of reinforced length and width of the section, assigning reinforced length as L with effective footing L-2e, instead of B, in calculation below (See previous page for value of e)
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BEARING RESISTANCE CALCULATIONS

0.5 γ B'N γ m C w γ

1,967.6

https://woodplc-my.sharepoint.com/personal/chienting_tang_woodplc_com/Documents/(WSDOT) Fish Pass (Gypsy)/Wall 07.50R/External + Settlement/Bearing Capacity - Nominal Bearing Resistance (AASHTO LRFD)(2021-04-26) 07.50R Page 8
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[̀RQS4:V 9̂V <?>cb<:̂

[̀RQS4:: =V>< Va>V̂;c;



�������� ����	
��	�����	�������������

�������������������������������������� �	!���"����!���������"������"����!����#�$������"����%��������	��	���&�"&����&�"&������	������'� $�$

()*+,-./ 012 3451.6/2

()*+,-.3 .6 6351//78

()*+,-.7 012 6/5.

()*+,-.9 02.53/321 695.316.

()*+,-.1 084757763. .7581683

()*+,-.2 0454497. 6/5.

()*+,-/4 .15. 6/5/3733

()*+,-/8 04544.8/ 675.

:;<=>?@
AB,CD*BE ()*+,F GDCB-HIJK

LCM*)+-8 NOP-Q.G-0R*S 3T9T64T68T83T87T7T/T82 8T1985/

LCM*)+-6 NOP-Q.N-0R*S 9T8/T.4T8.T7T87T83T68T64 8T78/57

LCM*)+-. NOP-Q/N 1T2T8.T.4T8/ .T89.5/

LCM*)+-/ NOP-Q6U-0R*S 82T/T86T/4T81T63T.T3 1825.1

LCM*)+-3 NOP-Q8V 67T6/T69T.9T.1 .28517

LCM*)+-7 NOP-Q8V 86T6T84T62T61T88T/4 11573/

LCM*)+-9 U)WW)+-V)DD)X 6.T66T67T.1T.9T.7T./T.6 /./578

LCM*)+-1 LC*+Y)DZC[-\)+C 8T89T./T.7T.2T/8 6T.6/57

LCM*)+-2 NOP-Q.G-0R*S .2T.7T.9T69T6/T.T63T81T/4T88T.3T.8T..T8T/8 /33511



�������� ����	
�����

������������������������������
��	��������

	��������	
 �������������!��! �������"�#�����
�����$���!����������
�����
���������������%� ��#

&'()*+,-./.01
2(3+4.56(7(4/.(*5)'07658(+-.)*0+59:;<=5>+3?406@.5A5;BB;,9:;C58DE,-FE&D5G7.(47/H+7/I5F.*=

JKLMNOPQRSTUVRP
W0I(5X(4'0+7Y5Z=;<
>4(/.(*5[?Y5\/76]5>@0(7,\076
F/'.5D*0.(*5[?Y5\/76]5>@0(7,\076
2(̂0'0+75_)̀ a(4Y59:b
c/.(Y5Bd9d9:9;
\0̀(Y5;:YbCY:b5ef
\++I5X(4'0+7Y5Z=;<=b=;bg<;
W0I(5_/̀ (Y5h/II5:C=b:25,5-(1H+75g,5[+.5DF59i=6'j
c04(1.+4?Y5>Ykl'(4'k1@0(7H76=./76kE7(c40̂(5,5h++*5&F>kmh-cE\n5W0'@5&/''5m8?3'?nkh/II5:C=b:2k-I+3(
-./a0IH?k2(̂0'(*5f+*(I'5m:b,:<,9;nk

oSRpMqrNsMtPuv
F(76.@mFn5l70.'Y5W((.
\0̀(m.n5l70.'Y5-(1+7*'
W+41(mWn5l70.'Y5&+)7*'
&4('')4(m3n5l70.'Y53'w
-.4(76.@5l70.'Y53'w
l70.5h(06@.5+w5h/.(4Y5<9=i531w
X0(xY59c
DI(̀ (7.5\@01y7(''Y5;

zPUL{vKvNsMtPuv

ovM|}R~srUVq
�07*Y5-FE&Ddh
f(.@+*Y5-3(71(4
-(�76'

&h&5>+7*0H+7'5-+)41(Y5&0(j+̀ (.4015F07(
e33I?5&@4(/H15>+44(1H+7Y5_+
l'(5-./6(*52/30*5c4/x*+x7Y5_+

-I035-)4w/1(
c04(1H+75+w5̀+̂(̀ (7.Y5F(�5.+5206@.
l'(5&/''0̂(5f+*(Y5_+
-I035-)4w/1(5E3H+7Y5D7.4?5/7*5D�0.
>40H1/I5'I035')4w/1('5'/̂(*Y5;
2('0'H765-0*(5f/�0̀)̀ 5>+7̂(�5e76I(Y5;5�
c40̂0765-0*(5f/�0̀)̀ 5>+7̂(�5e76I(Y5b5�
E3H̀ 0j(5>40H1/I5-I035-)4w/1(5F+1/H+7Y5_+
\(7'0+75>4/1y

\(7'0+75>4/1y5E3H+7Y5m7+7(n
W5+w5-5c0'.40a)H+7

W5+w5-5>/I1)I/H+75E3H+7Y5>+7'./7.
e*̂/71(*

_)̀ a(45+w5-I01('Y5g:



�������� ����	
�����

������������������������������
��	��������

	��������	
 �������������!��! �������"�#�����
�����$���!����������
�����
���������������%� ��#

&'()'*'+(,-./01-2'34335
6707898'*,7:'*9.)/1-';-:<=2'345'>
*-/.1='6-<=(?2'@((<'&70?-.
+(,-./A,-'?7B-.-01-'A-<C--0'D</.E0F'/0?'1(0G-.F-?'&'()'*2'H
6/I7898'7<-./E(0D'<('1/,19,/<-'1(0G-.F-?',/8A?/2'J3
6/I'KAD(,9<-'L/8A?/2'J

MNOPQRNST

UVWXYZ[
6(?-,2'6(=.\](9,(8A
0̂7<'_-7F=<2'5J̀':1)
](=-D7(0a2'3':D)
b=7a2'Hc'd
b=7\e2'3'd
b(.-'_/<-.'b.-DD9.-

b7-f(8-<.71'L70-2'5

UVWXYghXiVON
6(?-,2'6(=.\](9,(8A
0̂7<'_-7F=<2'j3':1)
](=-D7(0a2'̀̀3':D)
b=7a2'3'd
b=7\e2'3'd
b(.-'_/<-.'b.-DD9.-

b7-f(8-<.71'L70-2'5

UVWXYkUXiVON
6(?-,2'6(=.\](9,(8A
0̂7<'_-7F=<2'553':1)
](=-D7(0a2'3':D)
b=7a2'H3'd
b=7\e2'3'd
b(.-'_/<-.'b.-DD9.-

b7-f(8-<.71'L70-2'5

UVWXYklXiVON
6(?-,2'6(=.\](9,(8A
0̂7<'_-7F=<2'553':1)
](=-D7(0a2'3':D)
b=7a2'HJ'd
b=7\e2'3'd
b(.-'_/<-.'b.-DD9.-

b7-f(8-<.71'L70-2'5

UVWXYmU
6(?-,2'6(=.\](9,(8A
0̂7<'_-7F=<2'5J̀':1)
](=-D7(0a2'nJo':D)
b=7a2'Hn'd
b=7\e2'3'd
b(.-'_/<-.'b.-DD9.-



�������� ����	
�����

������������������������������
��	��������

	��������	
 �������������!��! �������"�#�����
�����$���!����������
�����
���������������%� &�#

'()*+,)-.(/01(2)304

56789:;<6=>?:86
@+A)B30C(DE0F-.)2D-E
G2(-0H)(DE-304IJ0K/L
'+.)0HM-).0'.)NNO.)

'()*+,)-.(/01(2)304

P:QQ:8>R:;;:S
@+A)B30@+E.TU+OB+,V
G2(-0H)(DE-304WJ0K/L
U+E)N(+2X30J0KNL
'E(X30IW0Y
'E(TZ30J0Y
'+.)0HM-).0'.)NNO.)

'()*+,)-.(/01(2)304

[\7]>[̂;9_<6>̀8a;b>_8=>̀c7a
1)d0'.+e)/f+230gM2D)
1)dTh+2)01)d0U++.A(2M-)30iT44Jjk4IlWm0kWjnIonWp0d
1)dTh+2)0g(DE-0U++.A(2M-)30iT4JqjllWIkm0kIjW4WI4p0d
1)dTh+2)0r2/.),)2-304l
g(DE-0'.+e)/f+230gM2D)
g(DE-Th+2)01)d0U++.A(2M-)30i4JjJnqoWm0WsjIsWqsp0d
g(DE-Th+2)0g(DE-0U++.A(2M-)30ikqm0Wqjnoqq4p0d
g(DE-Th+2)0r2/.),)2-304l
gMA(ON0r2/.),)2-N30k

[\7]>[̂;9_<6>t7Q7au
1)d0U++.A(2M-)30iT4lJm0InjIp0d
g(DE-0U++.A(2M-)30ilkm0Inj4q4qWp0d

v76w:Q6a;7<>t786u

v76w:Q6a;7<>t786>x

P::;=78_a6u

y0idp z0idp

U++.A(2M-)04 T4lJ Wq

U++.A(2M-)0W lk Wq

[̂;<{_;|6>t:_=u

[̂;<{_;|6>t:_=>x
FO./EM.D)0iG2(-0H)(DE-p304Wl0K/L
}(.)/f+230~).f/MB



�������� ����	
�����

������������������������������
��	��������

	��������	
 �������������!��! �������"�#�����
�����$���!����������
�����
���������������%� &�#

'(()*+,-./0

12345 62345

789 :;<:

= :;

>?)@A-)B/CD(-*CE
FGHIJKHLM23NOPQ2RMPLJQ5S2=2TIU
VPHMIWXOS2YMHWIKZ

'(()*+,-./0

12345 62345

7[\ :;<[

789 :;<:

>/+0]+@C'(/̂ @+/,.0
_XH̀2FMPabPI2cXMU<S2=<\:8

d(+,.0
12345 62345

eXPOQ2; = \f<f

eXPOQ2\ :9 \g<8

eXPOQ28 7;:= \8<:

eXPOQ29 :9 \=<g

eXPOQ2: 7;:= ;h

eXPOQ2g :9 ;8

eXPOQ2f 7;:= 9
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